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BROOKLYN ENGINEERS' CLUB. 



CONSTITUTION AND BY-LAWS. 



ARTICLE I. J 

NAME, LOCATION AND OBJECT. 

Section 1. The name of this Association shall be the 9 

"Brooklyn Engineers' Club." 

Sec. 2. The offices of the Club shall be located in the Borough of 
Brooklyn. 

Sec. 3. The object of the Club shall be to promote social and professional 
intercourse among its members ; to advance engineering knowledge and pra<£ 
tice, and to maintain a high standard of professional procedure in all 
respects. 

Sec. 4. The means to be employed for this purpose shall be: Meetings 
for the presentation and discussion of appropriate papers and for social and 
professional intercourse ; the publication of such papers and discussions as 
may be deemed expedient; the maintenance of a technical library, and such 
other means as may be deemed proper. 

ARTICLE II. 

MEMBERSHIP. 

Section 1. The Club shall consist of Corporate, Associate, Non-Resident 
and Honorary members. 

Sec. 2. A Corporate member shall be a civil, military, naval, mechanical, 
electrical, mining or other engineer, architect, surveyor or analytical chem- 
ist, or a person who has taken a course in a technical school with the pur- 
pose of entering one of the above-mentioned professions. He shall be either 
a resident of Brooklyn, or one of the other Boroughs of the City of New 
York, or a practitioner therein, at the time of his election. 

Sec. 3. An Associate member shall be a person residing, or doing busi- 
ness in Brooklyn, or another Borough of the City of New York, at the time 
of making his application, who has such a knowledge of or connection with 
applied science as qualifies him, in the opinion of the Board of Directors, to 
co-operate with engineers in the advancement of professional knowledge. 
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2 BROOKLYN ENGINEERS* CLUB PROCEEDINGS. 

Sec. 4. A Non-Resident member shall be one possessing the qualifica- 
tions enumerated in Sections 2 and 3, whose residence is outside of the City 
of New York ; Commissioned Engineer Officers in the Military or Naval serv- 
ice of the United States may be elected to this grade of membership. 

Sec. 5. A Corporate or Associate member who shall remove his residence 
to the distance stated in Section 4, may be transferred to the Non-Resident 
class at the beginning of the fiscal year following such removal, provided 
notice of the removal be filed with the Secretary at the time of payment of 
the annual dues, or not later than February 1st. 

Sec. 6. J* Non-Resident member who shall remove his residence to within 
the City of New York, shall become a full member in the same manner as 
specified in Article III, but shall not be required to pay an entrance fee. 
Provided, however, that his application for full membership shall be filed 
within three (3) months of his removal, otherwise his name shall be dropped 
from the roll of the Club by the Board of Directors at the beginning of the 
next calendar year, except that no action shall be taken unless a copy of this 
section shall have been served upon him at least four (4) weeks prior to 
such action. 

Sec. 7. Honorary members shall be chosen from persons resident in 
Brooklyn, of acknowledged eminence in the pursuit of their profession, or on 
account of their contributions to the welfare of the community along pro- 
fessional or municipal lines. There shall not be more than five (5) Honor- 
ary members at any one time. 

Sec. 8. Associate, Non-Resident and Honorary members shall not be en- 
titled to vote or hold office, but shall enjoy all other Club privileges. 

ARTICLE III. 

ADMISSIONS AND EXPULSIONS. 

Section 1. An application for admission to the Club as a Corporate 
member or for transfer from the Non-Corporate to the Corporate grade, shall 
embody a concise statement, with dates, of the candidate's professional train- 
ing and experience, and shall be in a form and in such detail as may be pre- 
scribed by the Board of Directors. It shall be signed by the applicant, and 
shall contain a promise to conform to the requirements of membership if 
elected. The applicant shall give at least three (3) references, two of whom 
shall be Corporate members in good standing. 

Sec. 2. At the time of giving notice of the regular meetings of the Club, 

*he Secretary shall issue to each member, in any grade, whose address is 

lown, a list of all new applications received up to that time for member- 
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ship in any grade or for transfer from one grade to another, which list shall 
be dated and shall contain a statement of the name, address, and present 
employment of each applicant and the names of his references, with a re- 
quest that members transmit to the Membership Committee any information 
in their possession which may affect the disposition of the applications. 

Not less than twenty days after the date of issue of such list the Mem- 
bership Committee shall make a report in writing upon each of these appli- 
cations to the Board of Directors, who shall, at the next meeting, consider 
the reports received, and, if approved by them, shall direct a ballot. 

Sec. 3. The ballots shall be letter ballots, in a form to be prescribed by 
the Board of Directors. They shall be mailed to each Corporate member 
whose address is known, and shall state the date on which the ballot is to 
be canvassed. 

A four-fifths vote of those voting shall be necessary for election. In 
case of a candidate failing of election, no notice thereof shall be entered in 
the minutes, but the candidate shall be notified. 

Sec. 4. The application of any candidate, once rejected, shall not be- 
considered by the Board of Directors, within one year, unless the same be 
accompanied by a request signed by not less than five (5) Corporate mem- 
bers asking for a reconsideration of the ballot, and stating the reason for 
such request. The Board of Directors, should it deem those reasons suf- 
ficient, shall present said application at the next regular meeting of the 
Club, with the request that it be acted upon. 

Sec. 5. All elected candidates shall be duly notified and shall subscribe 
to the Constitution and Rules of the Club. 

If these provisions are not complied with within thirty (30) days from 
the notification of election, such election shall be considered void unless, for 
special reason, the time shall be extended by the Board of Directors. Mem- 
bership of any person shall date from the day of his election. 

Sec. 6. Honorary members shall be proposed by the Secretary upon the 
unanimous recommendation of the Board of Directors at a regular meeting, 
and be balloted upon at the next regular meeting. Four-fifths (4-5) of the 
votes cast shall be necessary for an election. 

A person elected an Honorary member shall be promptly notified thereof 
by letter ; the election shall be canceled if an acceptance is not received 
within ninety (90) days after mailing such notice. 

Sec. 7. Upon the written request of six or more Corporate members, 
that for cause therein set forth a person belonging to the Club be expelled, 
the Board of Directors shall consider the matter, and if there appear to be 
sufficient reason, shall advise the accused of the charges against him. He 
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may, if he so desire, present a written defense, which shall be considered 
at a meeting of the Board of Directors, of which he shall receive due notice 
and at which he may appear with counsel. Unless the Defense made be 
satisfactory to the Board of Directors, they shall, after two months have 
elapsed, unless his resignation has already been tendered, notify the person 
that he must present the same within thirty (30) days, or he will then 
be expelled. 

An appeal may be taken against such a course, in which case a special 
meeting will be called for the purpose of submitting to the Club all the 
evidence in the case. A majority of the votes cast at this special meeting 
will be required to sustain the action of the Board. The Secretary will 
notify all Corporate members of the Club of the result of the ballot. In 
case no appeal be made, the Board of Directors will expel the person, and 
notify him and the Corporate members of its action. 

Sec. 8. A member of any grade in the dub may resign his membership 
by a written communication to the Secretary, who shall present the same 
to the Board of Directors; when, if his dues have been paid, his resigna- 
tion will be accepted. 

ARTICLE IV. 
Entrance Fees and Dues. 

Section 1. The dues on admission to the dub and yearly thereafter 
shall be: 

For Corporate member, Twelve (12) Dollars. 
For Associate member, Twelve (12) Dollars. 
For Non-Resident member, Five (5) Dollars. 

Sec. 2. Corporate, Associate and Non-Resident members shall pay an 
entrance fee of Ten (10) Dollars upon admission to the Club. 

The annual dues shall be payable for the ensuing year on the first day 
of January. 

It shall be the duty of the Secretary to notify each member of the 
amount due for the ensuing year at the time of giving notice of the annual 
meeting. 

Sec. 3. A person elected after six months of any fiscal year shall have 
expired shall pay only one-half of the amount of dues for that fiscal year. 

Sec. 4. Any person whose dues are more than one month in arrears 
shall be notified by the Secretary. Should his dues not be paid when they 
become three months in arrears, he shall lose all Library privileges se- 
cured through the membership in the dub, and lose his right to vote. 
Should his dues become four months in arrears he shall again be notified 
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in form prescribed by the Board of Directors, and should such dues become 
six months in arrears he shall forfeit his connection with the Club. The 
Board of Directors may, for cause deemed by them sufficient, extend the 
time for payment and for application of these penalties. 

Sec. 5. Every member admitted to the Club shall be considered as be- 
longing thereto, and liable for payment of dues until he shall have resigned 
or been expelled therefrom. 

ARTICLE V. 
Officers. 

Section 1. The officers of the Club shall be a President, Vice-President, 
Secretary and Treasurer, who, with the retiring President, and two Cor- 
porate members elected by the Club, shall constitute a Board of Directors, 
in which the government of the Club shall be vested, and who shall be the 
Directors as provided for by the laws under which the Club is incorpo- 
rated; there shall also be an Auditing Committee of three members. 

Sec. 2. The President shall be ineligible for election to two successive 
terms of office. 

Sec. 3. The term of office for all officers shall be one (1) year, except 
for the Vice-President, who shall hold office for two (2) years. 

Sec. 4. A vacancy in the office of President shall be filled by the Vice- 
President. 

Sec. 5. At the first annual meeting there shall be elected a Trustee, 
who shall act as a member of the Board qf Directors and shall serve for 
one year. Any vacancy occurring in the Board by resignation, death or 
otherwise, shall be filled for the unexpired term by its remaining members. 

Sec. 6. All officers shall be elected by ballot. 

Sec. 7. The Board of Directors may appoint a Librarian. 

ARTICLE VI. 
Management. 

Section 1. The President, acting under the direction of the Board of 
Directors, shall exercise a general supervision over the affairs of the Club. 
He shall preside at all business meetings of the club and Board of Directors 
at which he may be present, call special meetings when the same may be 
necessary, and appoint such committees as are herein provided for. He 
shall act as ex-officio member of all committees which he shall appoint. 

Sec. 2. The Vice-President shall preside at business meetings in the 
absence of the President. 
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*6 BROOKLYN ENGINEERS' CLUB PROCEEDINGS. 

Sec. 3. The Board of Directors shall manage the affairs of the Club in 
conformity to the laws under which the Club is incorporated, and the pro- 
visions of this Constitution. They shall direct the investment and care of 
the fund 8 of the Club; make appropriations for specific purposes; act upon 
■applications for membership, as heretofore provided, and generally conduct 
the business of the Club. The Board of Directors shall make an annual 
report at the annual meeting, transmitting the reports of the Secretary, 
the Treasurer, the Auditing and other committees. 

Sec. 4. The Secretary, under the direction of the President and the 
Board of Directors, shall be the executive officer of the Club. He shall 
keep a record of all business meetings. He shall notify the members of all 
meetings and postponements thereof, and of all other matters as directed 
by the President and the Board of Directors. It shall also be his duty to 
take charge of and preserve all papers read and discussed, and, when di- 
rected by the Board of Directors, prepare copies or abstracts of the same 
for publication. 

He shall see that all moneys due the Club are collected and transferred 
to the Treasurer. He shall verify the correctness of all bills presented for 
payment and charge same to the proper appropriations. He shall have 
charge of the books of account of the Club, and shall furnish to the Board 
of Directors a statement of receipts and expenditures under their several 
headings annually and at such other times as the Board may direct. He 
shall conduct the correspondence of the Club and keep full record of the 
same. He shall perform such other duties as may from time to time be 
assigned to him by the Board of Directors. 

Sec. 5. The Treasurer shall be the custodian of the funds of the Club. 
He shall receive all moneys collected by the Secretary, and deposit the 
same to the credit of the Club in such depository as may be directed by 
the Board of Directors. He shall pay all bills, duly approved, by check, 
countersigned by the President, and shall keep book accounts of his re- 
ceipts and expenditures, which shall be at all times open to inspection by 
the Board of Directors. He shall present a monthly report to the Board 
showing the receipts and expenditures during the previous month and the 
balance in his hands at the time of making such report. He shall make 
an annual report to be presented to the Club by the Board of Directors. 

Sec. 6. The Auditing Committee shall, at the close of the fiscal year, 
audit the accounts of the Secretary and of the Treasurer. 

Sec. 7. The Librarian shall have direct charge of all books, periodicals, 
transactions and other publications contained in the Library, subject to the 
direction of the Library Committee. 
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Sec. 8. The President, within ten days after the annual meeting, shall ap- 
point a House Committee of three, a Library Committee of three, a Commit- 
tee on New Membership of three, an Entertainment Committee of three, and 
an Excursion Committee of three members of the Club, which Committees 
shall be subject to the direction of the Board of Directors. All Committees 
shall hold office until their successors are appointed. 

Sec. 9. The House Committee shall have general charge of the House 
and of the renting of such rooms as may be available for that purpose. 

It shall arrange and provide for all Dinners, Collations or other social 
functions that may be held under Club auspices. 

It shall act as a Reception Committee at all meetings of the Club, insur- 
ing visitors proper attention. 

Sec. 10. The Library Committee shall have general charge of the 
Library, and shall take the necessary steps to procure all books, periodicals, 
transactions, reports, publications, etc., etc., that may be needed ; present 
prior to the annual meeting a report to the Board of Directors, showing the 
increase in the Library during the year, and a statement of the moneys ex- 
pended; also present an estimate of the moneys needed for Library pur- 
poses for the coming year. 

Sec. 11. The Committee on New Membership shall investigate the fitness 
of all candidates for membership that may be referred to them by the Pres- 
ident, see that the objects and advantages of the Club are at all times kept 
before the community in a proper spirit, and, generally, see that the Club 
preserves a healthy and desirable growth. 

Sec. 12. The Entertainment Committee shall provide suitable papers to 
be presented before the Club at its regular meetings, and speakers for the 
Informal or Library Talks on such other dates as may be desirable. 

Sec. 13. The Excursion Committee shall arrange and provide for all ex- 
cursions, outings, or inspection trips of the Club and shall notify the Sec- 
retary in time for ample notice to the membership of such arrangements. 

Sec. 14. The Secretary and the Librarian shall receive such compensa- 
tion for their services as the Board of Directors may determine ; but such 
-compensation, when fixed, shall not be reduced during the term of office, as 
provided in this Constitution. All other salaries shall be fixed, from time 
to time, by the Board of Directors. 

ARTICLE VII. 

MEETINGS. 

Section 1. There shall be eight (8) regular meetings of the Club per 
annum, to be held on the second Thursday in each month, except during the 
months of June, July, August and September. 
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8 BROOKLYN ENGINEERS' CLUB PROCEEDINGS. 

Sec. 2. The annual meeting, at which the officers for the ensuing year 
shall be elected and all annual reports read, shall be held on the second 
Thursday in December in each year. 

Sec. 3. Whenever the President shall deem it necessary, or upon the 
written application of five (5) Corporate members, he shall direct the Sec- 
retary to call a special meeting. The notice thereof shall state the time and 
place of holding the meeting and the purpose for which it is called, and 
shall be mailed not less than five days previous to the date of the proposed 
meeting. 

Sec. 4. At all regular and special meetings of the Club, ten (10) Cor- 
porate members shall constitute a quorum. 

Sec. 5. The Club may adopt, from time to time, rules for the order of 
business at its meeting. 

Sec. 6. At the regular or special meeting of October, 1897, and annually 
thereafter, a committee of five (5) Corporate members shall be elected by 
the members present to make nominations for officers to be balloted for at 
the ensuing annual election. Said Committee shall report their list of nom- 
inations at the regular meeting in November, and the list shall be sent to 
each Corporate member by the Secretary, in the regular notification of the 
annual meeting. And it shall be the duty of the Secretary to send with such 
nominations any other nominations, on the written request of five (5) Cor- 
porate members filed with him ten (10) days before the date of the annual 
meeting. The said notices shall be mailed by the Secretary one week before 
the annual election. 

In the event of failure to elect a Nominating Committee at an October 
meeting, it shall be the duty of the Board of Directors to appoint such 
committee. 

ARTICLE VIII. 

AMENDMENTS. 

Section 1. Proposed amendments to this Constitution must be reduced 
to writing and signed by not less than five (5) Corporate members, and be 
submitted and acted upon as follows: 

Sec. 2. The amendment, as proposed, shall be sent by letter to the sev- 
eral Corporate members, with the statement that the matter will come up 
before the next regular meeting for discussion unless otherwise ordered. 

Sec. 3. At the discussion the proposed amendment may be amended in 
any way by a majority of those present and voting. 
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Sec. 4. The amendment, as amended, shall then be sent by letter to the 
several Corporate members, wherein the meeting for final action thereon will 
be announced. When final action is taken, a two-thirds (2-3) vote in favor 
of said amendment, as amended, will be necessary for its adoption. 
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FIRST OFFICERS, PAST PRESIDENTS AND CHARTER MEMBERS. 



Temporary President, Andrew J. Provost, Jr. 

Temporary Secretary, William G. Ford. 

Temporary Treasurer, George W. Tillson. 

Committee on Constitution and By-Laws and Committee on Library: 

*A. J. Caldwell, George W. Tillson, Walter M. Meserole,. 

A. J. Provost, Jr., William G. Ford. 

Committee on Incorporation: 
A. J. Provost, Jr., William G. Ford. 

PAST PRESIDENTS. 



♦Andrew J. Caldwell, 1897. 

Nelson P. Lewis, 1898. 

Walter M. Meserole, 1899. 

George W. Tillson, 1900. 

Joseph Straehan, 1901. 

William G. Ford, 1902. 

Andrew J. Provost, Jr., 1903. 
♦Othniel F. Nichols, 1904. 



Richard S. Buck, 1905. 
Willard S. Tuttle, 1906. 
Clarence D. Pollock, 1907. 
George C. Whipple, 1908. 
James C. Meem, 1909. 
George A. Orrok, 1910. 
Winfred H. Roberts, 1911. 



O. F. Balston, 
Fred. L. Bartlett, 
Homer L. Bartlett, 
Herbert J. Barker, 
W. L. Beers, 
R. T. Betts, 
William E. Belknap, 
Francis Blossom, 
J. C. Brackenridge, 
David Brower, 

♦William T. Bruorton, 
Edmund J. Burke, 

♦Andrew J. Caldwell, 
D. Frederick Carver, 
Frank J. Conlon. 
Albert S. Crane, 
Frederick A. Drake, 



CHARTER MEMBERS. 

John H. Dwyer, 



William G. Ford, 
Edwin J. Fort, 
Arthur J. Griffin, 
Thomas S. Griffin, 
Walter R. Griffith, 
George T. Hammond, 
Arthur S. Ives, . 
Carl A. Johnson, 
Jacob Stinman Langthorn, 
J. Calvin Locke, 
Edward L. Maltby, 
James C. Meem, 
Walter M. Meserole, 
♦Peter Milne, 
Frank O. Nownezek, 
Arthur I. Pe^rv. 



♦Deceased. 
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Frederick E. Pierce, Kenneth Torrance, 

Clarence D. Pollock, Arthur S. Tuttle, 

Andrew J. Provost, Jr., William D. Vanderbilt, 
*G. S. Roberts, *John H. Van der Veer, 

George F. Rowell, Bernard M. Wagner, . 

Joseph Strachan, E. Sherman White, 

Edwin C. Swezey, Richard L. Williams, 

George W. Tillson, George E. Winslow. 



OFFICERS, 1911. 

President: Winfred H. Roberts. 
Vice-President: John M. Stein met z. 
Secretary: Joseph Strachan- 
Treasurer: William T. Donnelly. 



■f 



John G. Sheridan, 
Auditing Committee: J Charles R. Ward, 
Percy C. Barney. 



BOARD OF DIRECTORS. 

Winfred H. Roberts, William T. Donnelly, 

John M. Steinmetz, Herbert C. Keith, 

Joseph Strachan, Walter F. Wells. 

George A. Orbok. 



STANDING COMMITTEES. 

Library: E. M. Van Norden, J. J. Johnson, G. A. Hughes. 
House: J. B. Stein, E. M. French, R» C. Strachan. 
Membership: C, S. Dunphb, W. P. Hough, W. E. Spear. 
Entertainment: G. L. Knight, H. R. Cobleigh, N. C. Rock wood. 
Excursion: C. A. Angell, J. F. Scanlon, E. L. Hubbard. 

SPECIAL COMMITTEES. 

Press: F. T. Sloan, G. S. Taylor. 
Publication: C. A. Somner. 

Librarian: Frank T. Conlon. 

♦Deceased. 
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OFFICERS, 1912. 

President: William T. Donnelly. 
Vice-President: John ML Stetnmetz. 
Secretary: Joseph Strachan. 
Treasurer: James W. Nelson. 
Director: Henry W. Woodcock. 
Director: E. M. Van Norden. 



R. L. Williams, 
Auditing Committee: J W. W. Brush, 
P. Moran. 
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BOARD OF DIRECTORS. 

William T. Donnelly, James W. Nelson, 

John M. Steinmetz, Henry W. Woodcock, 

Joseph Strachan, E. M. Van Norden. 

George A. Orrok. 

STANDING COMMITTEES. 

Library: E. M. Van Norden, G. A. Hughes, C. M. Enderby. 
House: J. B. Stein, C. W. McInenly, W. E. McLaughlin. 
Membership: J. C. Meem, H. P. Morgan, J. T. Horton. 
Entertainment: N. C. Rockwood, G. A. Orrok, H. R. Cobleigh. 
Excursion: D. W. Barnes, C. A. Graves, G. W. Eisenbraun. 

SPECIAL COMMITTEES. 

Committee on Award of The Alfred T. White Prize: A. S. Tuttle, J. S. 

Langthorn, W. W. Macon. 
Advisory Committee on Publication of Proceedings: J. W. Nelson, H. 

R, Cobleigh, E. A. Simmons. 
Press: F. T. Sloan, G. S. Taylor. 
Business Manager, Proceedings for 1911 : C. A. Somner. 
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PAST AND PRESENT OFFICERS AND THE YEARS DURING 
WHICH THEY HELD OFFICE. 



Name. 


IS 
"3 




6 

QQ 


u 

2 

OQ 


s 


a 
.2 

C3 

a 


l! 


Andrews, William 

Barney, Percy C 










1910 




i^ii 


Brush, Wm. W 














1912 


Buck, Richard S 


1905 
1897 








1906 
1898 
1906 






*Caldwell, Andrew J. . . 






Carmalt, Laurance J. . . 


1907-11 




Conlon, Frank J 












Cranford, Frederick L.. 












1910 


Donnelly, Wm. T 

Ford, Wm. G 


1912 
1902 






1908-11 
1897-98 








1903 
1908 






Fort, Edwin J 






Hartung, Geo. A 












1910 


Keith, Herbert C 

Lewis, Nelson P 


1898 

i909 
1899 


i907-08 
i897-98 






1911 
1899 
1906 
1907 & 10 
1900 






Martin, Kingsley L. . . . 
Meem, James C 














Meserole, Walter M.. . . 






Middleton, John 




1903-07 




Moran, Harry P 






1912 


Nelson, James W 








1912 


1908-09 
1905 
1910 
1911 






♦Nichols, Othniel F 


1904 








Noble, Frederick C 






Orrok, George A 

Perry, Arthur I 


1910 








1901-04 




Pollock, Clarence D. . . . 


1907 
1903 


1905-06 


1897-02 


1899-00 


1908 




Provost, Andrew J., Jr. 
Rice, Calvin W 





.... 


Roberts, Winfred H 


1911 


1909-10 










Schmitt, Jacob 








1905-06 


1910 


Seaman, Henry B 

Shaler, E. Conway 

Sheridan, John C 




1899-00 














1907 




1911 


Spofford, Chas. M 

Steinmetz, John M 


1900 
i906 


iiii-12 
iooi-02 






1909 






Strachan, Joseph 


1903-12 




1902 

1897 
1907 
1912 






Tillson, Geo. W 

Torrance, Kenneth .... 
Tuttle, Willard S 






Van Nor den, E. M.. . . .. 

Ward, Charles R 






19li 


Wells, Walter F 










1911 
1909 






Whipple, George C 


1908 






1901-02 




Williams, R. L 




1912 


Woodcock, Henry W. . . 
Woodward, Frederick S. 




i903-04 






1912 








_ . 











' Deceased. 
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ORGANIZED OCTOBER 9TH, 1896. 



HONORARY MEMBER. 

Date of Election. 
White, Alfred T., 40 Remsen St., Brooklyn, N. Y May 12, 1893 

CORPORATE MEMBERS. 
Abbaitys, George. With Public Service Commission, 64 

Woodland Ave., Woodhaven, N. Y April 11, 1912 

Ahrens, Henry. Structural Engineer, with Balcom & 

Darrow, 70 East 45th St., New York City Oct. 11, 1906 

Aiken, Charles W. Sec. Treas., H ouch in- Aiken Co., 

; 35 53d St., Brooklyn, N. Y May 14, 1908 

Allyn, Robert S. President, National Metal-Fabric Co., 

16 Exchange PL, New York City Oct. 14, 1909 

Anderson, Anders, 353 51st St., Brooklyn, N. Y Oct. 11, 11)06 

Anderson, Chas. M, With Edison Elec. 111. Co., 265 

Madison St., Brooklyn, N. Y Oct. 12, 1911 

Andrews, William. Consulting Engineer, 120 Liberty 

St., New York City June 19. 1902 

Ankener, Richard. Transitman, Department of Water 

Supply, Gas and Electricity, Brooklyn, N. Y Nov. 10, 1904 

Armstrong, John E. Assistant Engineer, Empire City 

Subway Co., 603 Bloomfield Ave., West Nutley, N. J. Oct. 14, 1909 
Ashton, Walter. 268 Nichols Ave., Brooklyn, N. Y.. . . Feb. 8. 1912 
Barker, Herbert J. Asst. Engr., Bureau of Highways, 

Municipal Bldg., Brooklyn, N. Y Nov. 6, 1896 

Barnes, David W. Vice-Pres., Garwood Elec. Co., 149 

Broadway, New York City Nov. 14, 1907 

Barney, Percy C. Prin. Asst. Engr., Board of Water 

Supply, 165 Broadway, N. Y Feb. 9, 1905 

Bartlett, Fred L. Civil Engineer and City Surveyor, 

190 Montague St., Brooklyn, N. Y Nov. 6, 1896 

Bartlett, Homer L. Civil Engineer and City Surveyor, 

191 Montague St., Brooklyn, N. Y ,. Nov. 6, 1896 

Beattie, James G. 581 Amersfort Place, Brooklyn, N. Y. May 14, 1908 

Berger, Bernt. Civil Engineer, 45 Broadway, N. Y April 1, 1897 

Bernard, Matthias. With B. R. T. System, 85 Clinton 

St., Brooklyn, N. Y May 12. 1910 
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LIST OF MEMBERS. 15 

Date of Election 
Berry, George. Asst. Engineer, Bureau of Highways, 

78 Morton St., Brooklyn, N. Y Jan. 8, 1903 

Biglin, Thos. Dept. Water Supply, Gas & Electricity, 

77 State St., Brooklyn, N. Y May 9, 1912 

Birrell, George V. Transitman & Computer, Topo- 
graphical Bureau, 209 Mlontague St., Brooklyn, N. Y. Oct. 14, 1909 

Bischof, George J. Asst. Engineer, Borough President's 

Office, Brooklyn, 471 Ocean Parkway, Brooklyn, N. Y. Oct. 14, 1909 

Bissell, Clinton T. Structural & Electrical Engineer, 
Natl. Board of Fire Underwriters, 135 William St., 
N. Y Nov. 9, 1905 

Blunt, Edmund H. With Electric Bond and Share 

Co., 71 Broadway, N. Y. City Mar. 14, 1907 

Blount, Irving. 43 Rugby Road, Brooklyn, N. Y Feb. 8, 1906 

Booth, William L. Engineer, Division of Sub-struc- 
tures, Brooklyn, 941 Park PL, Brooklyn, N. Y May 13, 1909 

Boyrer, William C. With Public Service Commission, 

154 Nassau St., N. Y Jan. 10, 1901 

Brackenbridge, J. C. Consulting Engineer, 95 Liberty 

St., N. Y. City Nov. 6, 1896 

Braine, Lawrence F. Vice-President, Rail Joint Co., 29 

West 34th St., N. Y. City Jan. 12, 1899 

Brainerd, J. Willard. Structural Engineer, 92 Lincoln 

Road, Brooklyn, N. Y Jan. 12, 1905 

Broadhurst, Wm. H. Chemist, Bureau of Highways, 

Municipal Bldg., Brooklyn, N. Y Mar. 14, 1897 

Brower, David. Assistant Engineer, Bureau of Sewers, 

Mechanics Bank Bldg., Brooklyn, N. Y Nov. 6, 1896 

Brower, Edward S. 865 Park PL, Brooklyn, N. Y Jan. 14, 1904 

Brown, E. J. S. 123 East 23d St., N. Y Oct. 12, 1911 

Brown, Lewis P. 972 E. 12th St., Brooklyn, N. Y May 10, 1906 

Brush, William W. Deputy Chief Engineer, Dept. 

Water Supply, Park Row Bldg, N. Y Feb. 13, 1902 

Buck, Richard S. Sanderson & Porter, 52 William St., 

N. Y May 9, 1901 

Bundy, George L. P. O. Box 116, Hohokus, N. J April 11, 1907 

Campbell, Daniel, Jr. Plan Examiner, Bureau of 
Buildings, Jackson Ave. and 5th St., Long Island 
City April 13, 1905 
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Date of Election. 
Carlin, Jos. P. Secretary and Treasurer, P. J. Carlin 

Construction Co., 16 E. 23d St., N. Y Nov. 10, 1904 

Cassidy, John A. Transitman, Bureau of Highways, 

Municipal Bldg., Brooklyn, N. Y Feb. 13, 1902 

Chapman, William B. 50 Church St., New York City. . Nov. 14, 1907 
Chevalier, Willard T. Asst. Engr., Public Service 

Commission, 23 Flatbush Ave., Brooklyn, N. Y Oct. 11, 1906 

Clausnitzer, John. 157 East 21st St., N. Y. City Jan. 8, 1903 

Cobleigh, Henry R. 503 E. 8th St., Brooklyn, N. Y. . . April 9, 1908 
Collins, Peter J. Builder, 135 Westminster Road, 

Brooklyn, N. Y Mar. 11, 1909 

Collins, Raymond R. Asst. Engineer, Dept. of Bridges, 

1642 East 18th St., Brooklyn, N. Y May 9, 1912 

Conlon, Frank J. Asst. Engr., Bureau of Sewers, 

Mechanics Bank Bldg, Brooklyn, N. Y Oct. 9, 1896 

Conn, Frank W. 81 Willoughby St., Brooklyn, N. Y... April 13, 1899 

Conway, W. J. 92 Second PI., Brooklyn, N. Y Feb. 10, 1910 

Coombs, Arthur W. 50 Church St., New York City... Jan. 13, 1910 
Crane, Albert S. Hydraulic Engineer, with J. G. White 

& Co., 49 Exchange PL, N. Y Oct. 9, 1896 

Cranford, Frederick L. Contractor, 177 Montague St., 

Brooklyn, N. Y Oct. 14, 1909 

Craven, Macdonough. Consulting Engineer, 39 Cort- 

landt St., N. Y. City Jan. 7, 1897 

Crocker, Calvin I. Asst. Engineer, Dept. of Bridges, 

84 Broadway, Brooklyn, N. Y April 14, 1904 

Cronin, J. Barth. Supt. and Engineer for Barth S. 

Cronin, 282 President St., Brooklyn, N. Y Oct. 12, 1911 

Crowell, Robert R. Engineer in Charge, Topographi- 
cal Bureau, Borough Hall, Long Island City April 14, 1898 

Darbee, Wm. Electric Bond and Share Co., 71 Broad- 
way, N. Y. City Feb. 4, 1897 

Dennington, Fred. C. City Surveyor, 204 Montague 

St., Brooklyn, N. Y Feb. 11, 1904 

De Ryss, Emil. Civil and Consulting Engineer. 68 

West 68th St., N. Y Feb. 14, 1907 

De Wilde, Andries. Genl. Manager, Harbor Dredging 

Co., 516 Nostrand Ave., Brooklyn, N. Y Nov. 9, 1911 

Ditmars, Harold E. With McDermott & Hanigan, 31 

W. 42d St., New York City Jan 9, 1908 
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Date of Election. 
Dixon, De Fobest H. 169 Columbia Heights, Brooklyn, 

N. Y May 14, 1908 

Dodge, Francis D. Mfg. Chemist, 291 Henry St., 

Brooklyn, N. Y Oct. 13, 1910 

Dodge, Richard D. 291 Henry St., Brooklyn, N. Y Feb. 8, 1900 

Donald, Wm. H. 727 Quincy St., Brooklyn, N. Y May 12, 1910 

Donnelly, J. A. Heating Engineer, 132 Nassau St., 

New York City May 11, 1911 

Donnelly, Wm. T. Consulting Engineer, Rooms 930- 

932-934, 17 Battery PI., New York City Oct. 13, 1904 

Doron, Charles S. Asst. Engineer, Department of 

Parks, Brooklyn, N. Y " Jan. 14, 1909 

Doughty, George A. 710 Putnam Ave., Brooklyn, N. Y. Jan. 9, 1908 

Drake, Frederick A. Bureau of Highways, 446 80th 

St., Brooklyn, N. Y Oct. 9, 1896 

Drew, John A. Engineer and Sales Manager, Worth- 

ington Hydraulic Works, 86 Liberty St., N. Y Feb. 4, 1897 

Drewett, William A. Superintendent, M. T. Davidson 

Co., 524 Lafayette Ave., Brooklyn, N. Y Feb. 4, 1897 

Duncan, John H. Superintendent, with Barth S. 

Cronin, Brooklyn, N. Y Jan. 12, 1911 

Dunphe, Carroll S. 212 East Third St., Brooklyn, 

N. Y Mar. 14. 1907 

Dwyer, John H. Chief Engineer, Brighton Beach Im- 
provement, Brooklyn Grade Crossing Commission, 
906 Temple Bar, Brooklyn, N. Y Nov. 6, 1896 

Eisenbraun, Geo. W. Asst. Engineer, with W. T. Don- 
nelly, 17 Battery PI., New York City April 14, 1910 

Enderby, Claude Ml With Phoenix Construction Co., 

New York City Jan. 12, 1911 

Ennis, William D. Prof. Mechanical Eng„ Polytechnic 

Institute, Brooklyn, N. Y Jan. 8, 1908 

Entenmann, Paul M. With Public Service Commis- 
sion, 317 6th Ave., Brooklyn, N. Y April 11, 1912 

Evans, John M. Civil Engineer, Cooper & Evans Com- 
pany, General Contractors, 220 Broadway, N. Y Nov. 13, 1902 

Evers, C. Rudolph. 1138 Hancock St., Brooklyn, N. Y. Jan. 9, 1908 

Farmer, Alexander S. Assistant Engineer, Board of 

Water Supply, New York City Feb. 11, 1909 

Fisher, Francis D. Engineer for Degnon Contracting 

Co., 126 Columbia Heights, Brooklyn, N. Y Jan. 12, 1905 
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Date of Election 
Fitzgerald, Edw. T. 129 East 40th St., New York City. April 14. 1910 

Fliflet, Thoelief. With Walter Kidder, Engineer Con- 
structor, 140 Cedar St, New York City April 14, 1910 

Forbes, Arthur C. Principal Asst. Engr., Topographi- 
cal Bureau, Borough President's Office, Brooklyn, 
N. Y Feb. 13, 1902 

Ford, William G. Consulting Engineer, 55 Liberty St., 

N. Y Oct 9, 1896 

Ford, Thos. P. 465 E. 17th St, Brooklyn, N. Y Jan. 13, 1910 

Fort, Edwin J. Chief Engineer, Bureau of Sewers, Me- 
chanics Bank Bldg., Brooklyn, N. Y Nor. 6, 1896 

Fowler, John. 36 Vernon Ave., Brooklyn, N. Y Oct 8, 1908 

Fox, Arthur C. 175 Claremont Ave., N. Y. City April 11, 1907 

French, Edmund M., Asst Engr., Topographical Bureau, 

147 Remsen St., Brooklyn, N. Y May 14, 1908 

French. James B. Consulting Engineer, Room 1276, 

Hudson Terminal Bldg, 50 Church St., N. Y Oct 10, 1901 

Friedman, Ferd. J. 18 E. 92d St, New York City Mar. 10, 1910 

Funk, Harry Edgar. Asst. Engr., B. H. R. R. Co., 7 

Spencer PL, Brooklyn, N. Y April 12, 1906 

Gabriel, C. R. Consulting and Designing Engineer, E. 

W. Bliss Co., Brooklyn, N. Y Jan. 9, 190S 

Gelbert, Joseph. Asst. Engr. with B. R. T., 85 Clinton 

St, Brooklyn, N. Y May 12, 1910 

Gibbons, Jakes E. With Public Service Commission, 

23 Flatbush Ave., Brooklyn, N. Y Mar. 11, 1900 

Gnx, Stephen J. P. Chief Engineer of Designing, Hud- 
son Structural Steel Co. of N. Y., 157 Meserole 
Ave., Brooklyn, N. Y May 9, 1912 

Golding, Thos. W. Structural Engineer for Thomas 
Reilly, contractor and builder, 1616 Thompson St, 
Philadelphia, Pa Jan. 11, 1906 

Goodridge, John W. Engineer, The Cranford Ca, 190 

■Montague St, Brooklyn, N. Y Oct 11, 1900 

Goodsell, Daniel B. 593 Riverside Drive, N. Y. City. . Mar. 12, 1908 

Granger, Abbott D. Contracting Engineer, A. D. 

Granger Co., 90 West St, N. Y Feb. 4, 1897 

Graves, Carleton A. 153 Bay 35th St., Brooklyn, N. Y. Oct 8, 190S 
Gray, Clyde D. Asst. Engr. with J. G. White & Co., 

394 E. 21st St, Brooklyn, N. Y Jan. 13, 1910 



Digitized by LiOOQ IC 



LIST OF MEMBERS. 19 

Date of Election. 

Greenfield, Chas. Assistant Engineer, Topographi- 
cal Bureau, 209 Montague St., Brooklyn, N. Y Oct. 14, 1909 

Griffen, William J. City Surveyor, 737 East 31st St., 

Brooklyn, N. Y Mar. 14, 1912 

Griffin, Arthur J. Engineer of Construction, Bureau 

of Sewers, 215 Montague St., Brooklyn, N. Y Nov. 6, 1896 

Griffin, Thomas S. Little Hocking, Ohio Nov. 6, 1896 

Griffiths, John D. Asst. Engineer, Dept. Water Sup- 
ply, Gas and Electricity, Brooklyn, N. Y Nov. 10, 1904 

Griffith, Walter R. Asst. Engineer, Bureau of Pub- 
lic Buildings and Offices, Brooklyn, N. Y Nov. 6, 1896 

Hamilton, John W. Hamilton & Chambers, 29 Broad- 
way, N. Y April 14, 1904 

Hammer, E. Walter- Engineer with Thompson, Star- 

rett Construction Co., Woolworth Bldg., N. Y. City. April 13, 1911 

Hammond, George T. Engineer of Sewer Design, 1011 

Mechanics Bank Bldg., Brooklyn, N. Y Oct. 9, 1896 

Hammond, John F. Hammond & Sloan, Inc., 16 Ex- 
change PL, N. Y Jan. 7, 1897 

Haney, Lewis T. Cape Charles City, Va May 12, 1904 

Hardecker, Frank J. Structural Steel Draftsman, 

Dept. Bridges, New York City Mar. 9, 1911 

Hartung, Geo. A. Engineer, Ditmars & Brite, Archi- 
tects, 111 Fifth Ave., N. Y ]^ov. 10, 1904 

Head, Henry C. Asst. Engineer, Topographical Bureau, 

Brooklyn, N. Y Mar. 10, 1904 

Hebert, George W. Chief of Party, Topographical 

Bureau, 209 Montague St., Brooklyn, N. Y.. . Jan. " 14, 1909 

Hedman, Axel S. Architect, Arbuckle Bldg., Brooklyn, 

. N. Y Feb. 11,1904 

Heghinian, Garabed George. With Alphalt Construc- 
tion Co., as Consulting Engineer, 418 Ave. C, West, 
Brooklyn, N. Y Feb. 12, 1903 

Helwig, Alfred. 10th Ave. and 70th St., Brooklyn, N. Y. Jan. 14, 1904 

Hinckley, J. Fred. Chemical Engr., 550 East 7th St., 

Brooklyn, N. Y Mar. 13, 1902 

Horton, John T. 276 Rugby Road, Brooklyn, N. Y May 14, 1908 

Hough, Calvin C. With H. C. Keith, Consulting Engi- 
neer, New York City . . Feb. 9, 1911 



Digitized by LiOOQ IC 



20 BROOKLYN ENGINEERS' CLUB PROCEEDINGS. 

Date of Election 
Hough, Frederick L. Assistant Engineer with H. C. 

Keith, 116 Nassau St., N. Y. City Jan. 14, 1909 

Hough, Willard P. Chief Engineer, Pierson and Good- 
rich. Engineers and Contractors, 30 W. 38th St., 
N. Y. City Oct. 12, 1905 

Howard, Chas. A. Manager, Turbine Department, E. 

W. Bliss Company, 180 W. 76th St., New York City. Oct. 14, 1909 

Huber, Leslie V. 1158 Forty-first St., Brooklyn, N. Y.. Oct. 12, 1911 

Hughes, Geo. A. N. Y. Edison Co., New York City April 14, 1910 

Hunt, Chas. A. 95 Hancock St., Brooklyn, N. Y Feb. 10, 1910 

Ihlseng, Magnus C. Municipal Civil Service Comm., 

299 Bway, Room 1019, N. Y. City Mar. 14, 1901 

Ingalls, Jas. A. With Transit Development Co., Brook- 
lyn, N. Y , Jan. 12, 1911 

Jacobi, Chas. H. Asst. Engr., Bureau of Sewers, 215 

Montague St., Brooklyn, N. Y Jan. 14, 1909 

Jennings, J. Edward. 1469 Pacific St., Brooklyn, N. Y. Oct. 11, 1906 

Johnson, John J. Transitman, Topographical Bureau, 

209 Montague St., Brooklyn, N. Y Jan. 14, 1909 

Kane, Jasper T. Mechanical Draftsman, Public Serv- 
ice Commission; 2012 Tribune Bldg., New York City. April 10, 1902 

Kaufman, Gustave. Chief Engr., Kosmos Engineering 

Co., 26 Court St., Brooklyn, N. Y Feb. 9, 1905 

Keith, Herbert C. Consulting Engineer, 116 Nassau 

St., N. Y Feb. 8, 1906 

Kelly, Olaf M. 84 Broadway, Brooklyn, N. Y May 10, 1906 

Kennedy, Daniel. President, The Kennedy Valve Mfg. 

Co., 57 Beekman St., N. Y May 6, 1897 

Kent, Robert Sayre. Mechanical Engineer, 253 80th 

St., Brooklyn, N. Y Nov. 10, 1904 

Kirby, I. Henry. Assistant Engineer, Bureau of Sewers, 

215 Montague St., Brooklyn, N. Y Oct. 12, 1899 

Kibkham, Henry P. With Brooklyn Union Gas Co., 

610 6th St., Brooklyn, N. Y Feb. 8, 1912 

Knight, Geo. H. 296 Ryerson St., Brooklyn, N. Y April 9, 1908 

Knight, G. Laurence. Designing Engineer, Edison 

Elec. 111. Co. of Brooklyn, N. Y Feb. 8, 1906 

Knowles, Edward R. Consulting Engineer, 1125 World 

Bldg, N. Y Oct. 13, 1904 
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Date of Election. 
Koop, Frederick W. Engr. in Charge, Division of Tri- 

angulation and Precise Levels, Board of Estimate 

and Apportionment, Room 401 ; 277 Broadway, N. Y. Mar. 9, 190& 
Krantz, Hubert F. 160 Seventh St., Brooklyn, N. Y... Mar. 8, 1906 
Lafferty, John W. Supt. of Distribution, Edison Elec. 

111. Co. of Brooklyn, 14 Rockwell PI., Brooklyn, N. Y. Mar. 12, 1908 
Lancaster, George Y. With N. Y. Board of Fire Under- 
writers, 81 Fort Greene PI., Brooklyn, N. Y Jan. 11, 1912 

Lanolotz, Charles. Mechanical Superintendent, Brook- 
lyn Cooperage Co., 888 Lincoln PL, Brooklyn, N. Y. April 1, 1897 
Langthorn, J. S. With Board of Water Supply, 165 

Broadway, New York City Oct. 9, 1896 

Levitt, Chas. A. With Empire Bridge Co., 570 Wil- 

loughby Ave., Brooklyn, N. Y Jan. 11, 1912 

Lewis, Nelson P. Chief Engineer, Board of Estimate 

and Apportionment, 277 Broadway, N. Y June 24, 1897 

Linington, Frank W. Asst. to John Middleton, City 

Surveyor ; 148 Arlington Ave., Brooklyn, N. Y Jan. 10, 1907 

Ljung, Frederick. Instructor in Civil Engineering, 

Polytechnic Institute, Brooklyn, N. Y Jan. 14, 1909 

Llewellyn, Fred. T. With Carnegie Steel Co., 30 

Church St., New York City Feb. 10, 1910 

Lobo, Carlos. Asst. Engineer, Dept. Water Supply, Gas 

and Electricity, 13-21 Park Row, New York City... May 10, 1906 
Locke, J. Calvin. Assistant Engineer, Topographical 

Bureau, 1880 W. 7th St., Brooklyn, N. Y Nov. 6, 1896 

Lockwood, Howard T. 929 East 22d St., Brooklyn, N. Y. April 9, 1908 
Long, E. McLean. Civil Engineer, 172 Fulton St., N. Y. Oct. 13, 1904 

Lutz, Ulysses S. 280 Broadway, N. Y Oct. 8, 1908 

Macon, William W. Engineering Editor, The Iron Age, m 

239 West 39th St., N. Y Feb. 9, 1905 

Maltby, Edward L. 50 Church St., Room 671, N. Y... Oct. 9, 1896 
Market, William A. Assistant Engr., Bureau of 

Sewers, 1618 Beverley Road, Brooklyn, N. Y June 24, 1897 

Martin, Charles B. 17 North Parsons Ave., Flushing, 

N. Y May 6, 1897 

Martin, Kingsley L. President, The Foundation Co., 

115 Broadway, N. Y Jan. 7, 1897 

McColl, Ernest N. Transitman, Bureau of Highways, 

Room 36 Municipal Bldg., Brooklyn, N. Y Jan. 8, 190& 
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Date of Election. 
McGronan, Chas. J. Asst. Engineer, Board of Water 

Supply, 451 East 170th St., N. Y April 11, 1912 

McInenly, Chas. W. Asst. Engr., Public Service Com- 
mission, 154 Nassau St., Room 1812, N. Y. City Jan. 10, 1907 

McKay, John W. Borough Hall, St. George, S. I., N. Y. Feb. 13, 1908 

McLaughlin, William E. Draftsman, Topographical 

Bureau, 209 Montague St., Brooklyn, N. Y Oct. 14, 1909 

Mead, John F. Room 2003 Park Row Bldg, N. Y. City. . Feb. 8, 1906 

Meads, Charles. President, Charles Meads & Co., Con- 
tractors, 299 Broadway, N. Y Nov. 10, 1904 

Meem, James Cowan. Engineer, with Frederick L. Cran- 

ford, 177 Montague St., Brooklyn, N. Y Oct. 9, 1896 

Meserole, Walter M. Commissioner and Gen. Supt., 
Atlantic Ave. Improvement, 44 Court St., Brooklyn, 
N. Y Oct. 9, 1896 

Messenger, William H. Asst. Engr., Bureau of High- 
ways, 1061 Bergen St., Brooklyn, N. Y Oct. 12, 1905 

Middleton, John. Civil Engineer and City Surveyor, 

2511-2513 Atlantic Ave., Brooklyn, N. Y Jan. 7, 1897 

Miller, Edwin L. Civil Engr. and City Surveyor, 31 

Ocean Parkway, Brooklyn, N. Y Jan. 13, 1910 

Mohn, Walter L. 477 Bainbridge St., Brooklyn, N. Y. . Jan. 14, 1909 

Moran, Harry P. Engineer, with Frederick L. Cranford, 

177 Montague St., Brooklyn, N. Y May 9, 1907 

Morris, Lardner V. Chief Engr., Bay Ridge and 
Jamaica Imp., L. I. R. R. Co., 1964 Broadway, 
Brooklyn, N. Y April 12. 1906 

Morris, Wm. Harley. With Hennebique Construction 

Co., 328 Putnam Ave., Brooklyn, N. Y April 11, 1912 

Mosscrop, William A. Mechanical Engineer, 812 Pros- 
pect PI., Brooklyn, N. Y Jan. 10,1901 

Murphy, Francis P. City Surveyor and Civil Engineer, 

177 Montague St., Brooklyn, N. Y Oct. 13, 1910 

Nagel, John. Civil Engineer, Manhattan Beach, N. Y. May 11, 1911 

Nelson, James W. Manager, Richard Dudgeon, 82 

Broome St., N. Y May 12, 1904 

Nexsen, Randolph H. Asst. Electrical Engr., Public 
Service Commission, Box 1959, New York City 

Norle, Frederick C. Div. Engr., P. S. C, 1st Dist., Mar. 9, 1905 
23 Flatbush Ave., Brooklyn, N. Y April 14, "'310 
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Nosworthy, Arthur. Vice-Pres. and Genl. Mgr., Sea- 
board Construction Co., 375 Fulton St., Brooklyn, 
N. Y Jan. 12, 1905 

Nowaczek, Frank O. Dept. of Taxes and Assessments, 

Brooklyn, N. Y Nov. 6, 1800 

Oakes, Frank J. Mechanical Engineer, with Henry R. 

Worthington, Hotel St. George, Brooklyn, N. Y May 6, 1897 

Oestreich, Henry L. Sen. Asst. Div. Engineer, Public 

Service Commission, 429 16th St., Brooklyn, N. Y. Mar. 10, 1910 

O'Connor, Thomas. Civil Engineer, 667 Vanderbilt 

Ave., Brooklyn, N. Y Jan. 12, 1905 

Orrok, Geo. A. Mechanical Engineer, New York . Edi- 
son Co., 55 Duane St., New York City Nov. 10, 1904 

*Ould, John G. Supt., Polhemus Memorial Clinic, Henry 

and Amity Sts., Brooklyn, N. Y Feb. 8, 1900 

Page, Raymond. City Surveyor, 177 Montague St., 

Brooklyn, N. Y Mar. 12, 1908 

Parfttt, Walter E. Architect, 26 Court St., Brook- 
lyn, N. Y Mar. 9, 1905 

Perry, Arthur Irving. Assistant Engineer, Dept. of 

Bridges, Park Row Bldg., N. Y Nov. 6, 1896 

Perry, Francis W. Asst. Engr., Dept. of Bridges, 214 

Parkside Ave., Brooklyn, N. Y Oct. 12, 1899 

Perry, Frank J. 378 St. Johns PL, Brooklyn, N. Y... Feb. 8, 1906 

Pinco, Chas. N. Assistant Engineer, Dept. of Bridges, 

142 East 74th St., New York City Jan. 10, 1907 

Pollock, Clarence D. Engineer, in charge of Paving, 

Calle Cuba 24, Havana, Cuba Oct. 9,1896 

Provost, Andrew J., Jr. Consulting Engineer, 39 West 

38th St., New York City Oct. 9, 1896 

Purdy, Walter M. 524 Lafayette Ave., Brooklyn, N. Y. Jan. 10, 1907 

Quick, Howard P. Mechanical Engineer, 314 Eighth 

Ave., Brooklyn, N. Y May 13,1909 

Rebhann, Joseph H. B. Concrete Machinery, 1148 

Dean St., Brooklyn, N. Y May 11, 1911 

Retfsnyder, Harland B. Assistant Engineer, Dept. of 

Bridges, Park Row Bldg., New York City Jan. 11, 1906 

Relthan, Edward J. Transitman, Topographical 

Bureau, 209 Montague St., Brooklyn, N. Y Jan. 14, 1909 

•Died December 21, 1911. 
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Riedel, John C. Assistant Engineer, Bureau of Sewers, 

Brooklyn, Mechanics Bank Bldg., Brooklyn, N. Y... Jan. 9, 1902 
Roberts, Winfred H. Assistant Engineer, Dept. 
Finance, 55 Stewart Bldg., Manhattan, 4614 11th 

Ave., Brooklyn, N. Y April 13, 1899 

Rockwood, Nathan C. Asst. Editor, Engineering News, 

505 Pearl St., New York City Nov. 10, 1910 

Rogers, John R. 251 Gates Ave., Brooklyn, N. Y Oct. 11, 1906 

Rosa, Paul. 236 So. 9th St., Brooklyn, N. Y May 11, 1911 

Russell, Richard Lord. Chief Engr. and Supt. for 
Chas. Cranford, Genl. Contractor, 868 Delamere PI., 

Brooklyn, N. Y. Oct. 12, 1905 

Ryan, Joseph A. 41 Municipal Bldg., Brooklyn, N. Y. Feb. 9, 1905 
Sar Vant, Wilbur N. 16 Verona PL, Brooklyn, N. Y. . . Oct. 14, 190J» 
Schermerhorn, Richard, Jr. Landscape Architect and 

Engineer, 347 Fifth Ave., New York City Jan. 12, 1899 

Schmidt, Herman H. Chief Engineer, Bureau of High- 
ways, 12 Municipal Bldg., Brooklyn, N. Y May 10, 1904 

Schmttt, Jacob. 36 South Oxford St, Brooklyn, N. Y.. Feb. 11, 1904 
Schweitzer, George J. Assistant Engineer, Topo- 
graphical Bureau, 209 Montague St., Brooklyn, N. Y. Mar. 10, 1904 
Seaman, Henry B. Consulting Engineer, 165 Broadway, 

New York City Jan. 6, 1898 

Shaler, E. Conway. Asst. Engr., Track Dept., B. R. T. 

System, 85 Clinton St., Brooklyn, N. Y April 14, 189& 

Shea, William J. 980 St. Johns PL, Brooklyn, N. Y.. Jan. 14, 1909 
Sheffield, Arthur W. Superintendent, Pell & Corbett, 

Architects, 31 Union Sq., N. Y J an . 12, 1905 

Sheridan, John C. Chief Engr., Cranford Co., 52 9th 

St., Brooklyn, N. Y Jan. 10, 1901 

Simmons, Edward A. President, Railway Age Gazette, 

83 Fulton St., New York City Oct. 14, 1909 

Sinclair, Henry A. Secretary, Treasurer & Electrical 
Engineer, Tucker Electrical Construction Co., 110 

West 30th St., New York City Nov. 11, 1909 

Skinner, Frank W., Assoc. Editor, "Engineering Rec- 
ord," 41 Sherman Ave., Tompkinsville, N. Y May 9, 1912 

Slipper, Charles J. 117 Remsen St., Brooklyn, N. Y. Jan. 10, 1901 
Sloan, Frank T. 103 Berkeley PI., Brooklyn, N. Y Oct. 11, 1903 
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Smith, Jesse E. Draftsman, Board of Education, 

Brooklyn, N. Y April 8, 1909 

Smith, Hartley L. H. 582 Bedford Ave., Brooklyn, 

N. Y Nov. 10, 1910 

Snell, Habry B. With Million Bros. Co., 34 West 33d 

St., N. Y Nov. 9, 1905 

Snyder, Chester A. Architect, Northern Contracting 

Co., N. Y., 7 Spencer PL, Brooklyn, N. Y Feb. 8, 1912 

Somner, Clement A. 4614 11th Ave., Brooklyn, N. Y.. Jan. 11, 1906 

Spear, Walter E. Dept. Engineer, Board of Water 

Supply, 250 West 54th St., N. Y. City May 13, 1909 

Sprong, Severn D. Electrical Engineer, Edison Electric 

111. Co., 360 Pearl St., Brooklyn, N. Y '. Mar. 8, 1906 

Stangle, Wm. H. Architect, 25 Broad St., N. Y Nov. 9, 1911 

Stanley, Nathan W. Assistant Engineer, Topographi- 
cal Bureau, 209 Montague St., Brooklyn, N. Y Jan. 14, 1909 

Stein, John B. Assistant Engineer, Topographical 

Bureau, 917 Avenue N, Brooklyn, N. Y Jan. 8, 1903 

Steinmetz, John M. 606 East 84th St., N. Y Mar. 9, 1905 

Stiles, Linford S. Construction Engineer, Brooklyn 

Union Gas Co., 1241 Carroll St., Brooklyn, N. Y.. .. Jan; 11, 1912 

Storey, Franklin S. Superintendent, Phoenix Construc- 
tion Co., 41 Park Row, N. Y Mar. 9, 1905 

Stowe, Harold C. President, H. C. Stowe Construction 

Co., 172 So. Oxford St., Brooklyn, N. Y Oct. 12, 1911 

Strachan, Joseph. Secretary, Brooklyn Engineers' 

Club, 117 Remsen St., Brooklyn. N. Y Oct. 9, 1896 

Strachan, Robert C. Assistant Engineer, Dept. of 

Bridges, Park Row Bldg., New York City Jan. 12, 1899 

Strong, Marvin W. * 720 Ditmas Ave., Brooklyn, N. Y.. Oct. 11, 1906 

Taylor, Grant S. Assistant Engineer, 117 Remsen St., 

Brooklyn, N. Y Mar. 11, 1909 

Tenney, Willis R. Assistant Engineer, Bureau of 

Highways, Municipal Bldg., Brooklyn, N. Y Jan. 7, 1897 

Thomason, Louis S. With M. W. Kellogg Co., 50 

Church St., New York City April 14, 1910 

Ttllson, George W. Consulting Engineer to the Bor- 
ough President, Brooklyn, N. Y Oct. 9, 1896 

Turner, Henry C. Pres., Turner Construction Co., 11 

Broadway, New York City April 12, 1906 
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Date of Election. 
Tuttle, Arthur S. Engineer in charge, Division of 

Public Improvements, Board of Estimate and Appor- 
tionment, 277 Broadway, New York City Oct. 9, 1896 

Van Bussum, John D. Asst. Engr., Dept. of Finance, 

280 Broadway, N. Y May 8, 1902 

Van Norden, Ernest M. Civil Engineer, New York 

Edison Co., 55 Duane St., N. Y Mar. 10, 1904 

Viola, Bartholomew. 11 Bartlett St., Brooklyn, N. Y.. May 12, 1910 

Ward, Charles R. Chief Engineer, Topographical 

Bureau, 209 'Montague St., Brooklyn, N. Y April 13, 1905 

Wathey, John W. American Concrete Steel Co., New- 
ark, N. J Nor. 8, 1906 

Weiderman, George. Pres., Geo. Weiderman-* 

Assoc. Nov.- 9, 1899 
Electric Co., 191 Flatbush Ave., Brooklyn, I 

fCorp. April 11, 1912 
and 35-37 Rose St., N. Y J y p 

Wells, Walter F. 360 Pearl St., Brooklyn, N. Y Jan. 11, 1906 

Wheeler, Harry R. Chief Engineer & Secretary, of 

Henry Steers, Inc., New York City Oct. 14, 1909 

Whipple, George C. Professor of Sanitary Engineering, 
Harvard University; Consulting Engineer, 103 Park 
Ave., N. Y Oct. 13, 1898 

Whipple, Melville C. Chemist, 85 Livingston St., 

Brooklyn, N. Y April 9, 1908 

White, E. Sherman. Engineer in charge, Bureau of 

Public Buildings and Offices, Brooklyn, N. Y Nov. 6, 1896 

White, George L. Transitman, Topographical Bureau, 

209 Montague St., Brooklyn, N. Y Oct. 14, 1909 

Whitney, Chas. A. 138 State St., Brooklyn, N. Y..... Nov. 12, 1908 

Wilcock, Frederick. Asst. Engr., Public Service Com- 
mission, 23 Flatbush Ave., Brooklyn, N. Y Jan. 11, 1906 

Wilder, Clifton W. Elec. Engr., P. S. C, 406 E. 21st 

St., Brooklyn, N. Y April 9, 190S 

Williams, Richard L. Civil Engineer and City Sur- 
veyor, 189 Montague St., Brooklyn, N. Y Nov. 6, 1896 

Wilson, Thad K Assistant Engineer, Public Service 

Coram., 1532 Bedford Ave., Brooklyn, N. Y Feb. 11, 1909 

Winslow, George E. Assistant Engineer, D. P. W., 21 C 

Montague St., Brooklyn, N. Y Nov. 6, 1896 

Wood, Noble W. Hudson Engineering Co., 90 W»*st 

St., N. Y May 6, 1897 
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Date of Election. 

Woodcock, Henry W. Civil Engineer and City Sur- 
veyor, 261 Fifty-second St., Brooklyn, N. Y Mar. 9, 1905 

Wooden, Harrt S. Topographical Draftsman, Water- 
shed Division, Dept. Water Supply, Gas & Elec- 
tricity, Brooklyn, N. Y Oct. 14, 1909 

Wreaks, Hugh T. Secty., Wire Inspection Bureau, 

208 Fifth Ave., New York City April 14, 1898 

Wynkoop, Hubert S. Electrical Engineer, Dept. of 
Water Supply, Gas and Electricity, 13-21 Park Row, 
N. Y. Feb. 4, 1897 

Yates, Wm. C. Engineering Dept., Gen'l. Elec. Co., 30 

Church St., New York City. May 12, 1910 

Zartmann, William J. Superintendent of Parks, Brook- 
lyn & Queens; 1908 Ave. K, Brooklyn, N. Y Mar. 11, 1909 

ASSOCIATE MEMBERS. 

Angell. Charles A. Vice-Pres., Cranford Company, 52 

9th St., Brooklyn, N. Y April 12, 1900 

Baillie, Ellis H. Sec, The Wilson Baillie Mfg. Co.; 
Pres., Kosmos Engr. Co., 26 Court St., Brooklyn, 
N. Y June 24,1897 

Burr, John W. General Manager, Burr and Houston 

Co., 84 Calyer St., Brooklyn, N. Y Feb. 13, 1902 

Cranford, Charles. Boston Development and Sanitary 

Co., Old South Building, Boston, Mass Mar. 8, 1906 

Cranford, Walter V. President, Cranford Company, 

190 Montague St., Brooklyn, N. Y April 14, 1898 

Cronin, Barth S. General Contractor, 282 President 

St., Brooklyn, N. Y Mar. 9, 1911 

Cuozzo, Donato. General Contractor and Expert in 

Concrete Work, 13-23 Park Row Bldg., N. Y Jan. 12, 1905 

Daybill, Alfred. President, Miller, Daybill & Co., Inc., 

34 W. 33d St., New York City Mar. 8, 1906 

Grinden, William J., President, Grinden Art Metal Co., 

Mlarcy Ave. & Walton St., Brooklyn, N. Y June 24, 1897 

Harnden, Jas. H. Grand St. and Morgan Ave., Brook- 
lyn, N. Y '. Oct. 13, 1910 

Higginson, William. 407 Hancock St., Brooklyn, N. Y. May 14, 1908 

Hubbard, Edw. L. 164 Maple St., Brooklyn, N. Y.... Oct. 13, 1910 
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Date of Election. 
Jewell, Harry A. Ball & Jewell, 26 Franklin St., 

Brooklyn, N. Y Mar. 13, 1902 

Keasbey, Robert A. Contractor for Steam Pipe Cover- 
ing, 100 North Moore St., N. Y Jan. 8, 1903 

Kiley, Thomas W. Thomas W. Kiley & Co., 57 Grand 

St., Brooklyn, N. Y June 19, 1902 

Martino, John S. 162 State St., Brooklyn, N. Y April 14, 1904 

Moneypenny, Nelson N. Vice-President, Alberene 

Stone Co., 223 B. 23d St., N. Y Mar. 12, 1903 

Ogden, J. Edward. Iron and Steel Merchant, 747 

Greene Ave., Brooklyn, N. Y Nov. 12, 1903 

Ormond, William C. Plumbing Contractor, 909 Presi- 
dent St., Brooklyn, N. Y Oct. 12, 1905 

<ySHEA, G. Harry. 29 Broadway, N. Y May 10, 1906 

Scanlon, John F. Inspector, Engineer's Bureau, Dept. 

of Finance; 667 • Lafayette Ave., Brooklyn, N. Y... Oct. 13, 1904 

Shinn, Eugene. 1081 East 19th St., Brooklyn, N. Y... Oct. 8, 1908 

Simmons, John S. Vice-President, John Simmons Co., 

104-110 Centre St., New York Nov. 13, 1902 

Stagg, John P. Chief Clerk, Brooklyn Union Gas Com- 
pany Jan. 14,1909 

Wandell, William S. Lumber Dealer, firm of Hardy, 
Voorhees & Co., Metropolitan Ave. and Newtown 
Creek, Brooklyn, N. Y June 19, 1902 

Williams, Louis W. 1512 Bedford Ave., Brooklyn, 

N. Y Oct. 8. 1908 

NON-RESIDENT MEMBERS. . 

Ball, Laurence A. Structural Engineer, 127 N. Wal- 
nut St., East Orange, N. J Mar. 14, 1907 

Blossom, Francis. Partner; Sanderson & Porter, 52 

William St., N. Y Nov. 6, 1896 

Carmalt, Laurance J. Asst. Engineer, with N. Y., N. 

H. & H. R. R. Co., Cos Cob, N. Y May 8, 1902 

Carpenter, Townsend. Care of Eisenwein & Johnson, 

781 Ellicott Sq., Buffalo, N. Y Oct. 14,1909 

Chase, Richard D. 59 Fourth St., New Bedford, Mass. Jan. 7, 1897 

Cilley, Morgan. In care 1524 76th St., Brooklyn, N. Y. Oct. 11, 1906 

Conn, Chas. F. Engr., J. G. White & Co., Inc., Alaska 

Commercial Bldg., San Francisco, Cal Jan. 10, 1901 

Cowperthwait, Allan. Hydewood Park, Plainfield, 

N. J Nov. 9, 1899 
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Date of Election. 
Cud worth, Frank Grant. Engineer and Architect, 

Cudworth, Axtell & Co., Engineers, 601 Kansas City 

Life Bldg., Kansas City, Mo '. Feb. 4, 1897 

Durtea, Edwin, Jr. Consulting Engineer, Duryea, 

Haehl & Gilman, 1314 Humboldt Bank Bldg., San 

Francisco, Cal Oct. 13, 1898 

Ekstrand, Chas. Mechanical and Electrical Engineer, 

"The Park," Boonton, N. J Mar. 14, 1901 

Fast, Gustav. Consulting Engineer, Orange, N. J May 11, 1911 

Gunther, C. Godfrey. Tucson, Ariz April 12, 1906 

Guthrie, Keith O. Waterford, N. Y Oct. 10, 1901 

Hammer, Johannes M. Care of McClintic-Marshall 

Const. Co., Braddock, Pa Oct. 11, 1906 

Hawxhurst, Harold E. Civil Engineer and Surveyor, 

Westbury, L. I Jan. 14, 1909 

Heller, John W. Engineering Contractor, 738 Broad 

St., Newark, N. J May 11, 1905 

Hevenor, Herman P. 344 Edgewood Ave., New Haven, 

Conn Jan. 14, 1909 

Houston, Robt. R. 347 Fifth Ave., New York City Mar. 12, 1908 

Kennedy, Matthew E. Secretary, The Kennedy Valve 

Mfg. Co., Elmira, N. Y Feb. 9, 1905 

Knight, Frank B. Chicago Manager and Engineer, 

Lidgerwood Mfg. Co., 1917 Fisher Bldg., Chicago, 111. May 10, 1906 
Legare, Balie Peyton. Chief Engineer, United Rail- 
roads of San Francisco, Cal April 14, 1898 

Morrell, Alfred M. Spicer Universal Joint Mfg. Co., 

Plainfield, N. J Mar. 14, 1907 

Packe, Edward H. • Metropolitan St. R. R. Co. Kansas 

City, Mo Jan. 7, 1897 

Phjlbrick, Joseph. Mechanical Engineer with Towle 

Mfg. Co., Newburyport, Mass Mar. 11, 1909 

Rowell, George F. Resident Engineer, Chattanooga & 

Tennessee River Power Co., Guild, Marion Co., Tenn. Nov. 6, 1896 
Ruby, Ernest L. 46 South 8th St., Richmond, Ind.. . Oct 14, 1909 
Sanborn, James F. Asst. Engineer, Board of Water 

Supply, Stone Ridge, N. Y Jan. 12, 1905 

Shaver, Geo. F. Vice-Pres. and Engineer of the Pyrene 

Mfg. Co. of N. Y., SayviJle, L. I Oct. 12, 191 1 
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Seshan, Eugene A. Electrical Draftsman, N. Y. Edi- 
son Co., 220 East Ridgewood Aye., Ridgewood, N. J. Oct 14, 1909 

Spoffobd, Charles M. Hayward Professor of Civil En- 
gineering, Mass. Institute of Technology, Boston. 
Mass. Nov. 9,1905 

Stone, Arthur W., Bedford, Ind. Jan. 9, 1906 

Thomson, Samuel F. Asst. Engr., Board of Water 

Supply, New Paltz, Ulster Co., N. Y Feb. 11, 1904 

Tuttle, Whjard S. 1150 Evergreen Ave., Plainfield, 

N. J May 6, 1897 

Vail, Frederick N. Civil Engineer, Alliance Bldg., i 

Stockton, Cal Jan. 7, 1897 

Van Vleck, James B. 5831 Clemens Ave., St. Louis, 

Mo April 13, 1905 

Whttaix, Wm. Van B. Trull Hall, Plainfield, N. J Oct. 13, 1910 

Wolcott, C. Stanton. Care of Y. M. C. A., Hazleton, 

Pa May 11, 1905 
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PROCEEDINGS OF THE FIFTEENTH ANNUAL MEETING 
OF THE BROOKLYN ENGINEERS' CLUB. 

The meeting was called to order at the Hamilton Club, on Thursday 
evening, December 14th, 1911, at 9 o'clock, immediately following the annual 
dinner, held at that place ; President Winfred H. Roberts presiding ; Joseph 
Strachan, Secretary, and one hundred and ten members and guests being 
present. 

Upon motion, duly carried, the reading of the minutes of the meeting 
of November 9 was omitted. 

The Club was addressed by Hon. Chas. A. Towne, former U. S. Senator 
from Minnesota, upon "A Mechanical Equivalent of Consciousness." The Hon. 
Raymond B. Fosdick, Commissioner of Accounts for the City of New York* 
spoke of "Scientific Management and Municipal Government," and Hon. 
Lewis H. Pounds, Commissioner of Public Works of the Borough of 
Brooklyn, followed, his theme being "The Municipal Engineer and the City 
Government." 

AH of the speaking was listened to with marked attention and was 
greatly enjoyed by the Club members and their guests. 

This being the Annual Meeting of the Club, the Report of the Board 1 , 
of Directors to the Club, describing the work done and the progress made- 
during the year 1911, was read by the Secretary. *, 

.•* ; 

To the Members of the *i^~ ' 

Brooklyn Engineers' Club. 

Gentlemen: In accordance with the requirements of the Constitution, the 
Board of Directors of the Brooklyn Engineers' Club presents herewith its 
Annual Report. 

The year has been an exceedingly busy one, as is shown by the following 
list of papers and informal talks given and social functions held since Janu- 
ary 1st, 1911: 

January 6th, 1911. — Smoker at the clubhouse. 

January 12th. — Regular meeting. Paper No. 100. 

January 19th. — Informal talk, "The Lubrication of Cylinders," by Mr. 

R. C. Garhart. 
January 26th. — Informal talk, "Steam Flow Meters," by Mr. A. L. Johnston. 
February 2d.-— Ladies' night. Lecture, "The Panama Canal," by Mr. Ghas^ 

W. Baker. 
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February 9th. — Regular meeting. Paper No. 101. 

February 16th. — Informal talk "Modern Design of Centrifugal Pumps," by 

Mr. Gustav Fast. 
February 23d. — Informal talk, "The Costa Rica Earthquake and Its Effect 

Upon Various Classes of Buildings/' by Prof. Chas. M. Spofford. 
March 2d. — Informal talk, "Modern Printing Press Control," by Mr. W. C. 

Yates. 
March 9th. — Regular meeting. Paper No. 102. 
March 11th. — Visit to Philadelphia Engineers' Club. 

March 16.— Informal talk, "High-Speed Steel," by Mr. Wm. A. Du Bois. 
Llarch 23d. — Informal talk, "Up-to-Date Conveyor Installations," by Mr. 

C. Kemble Baldwin. 
March 25th. — Annual smoker. 
March 30th. — Informal talk, "Tests for Building Department on Traps and 

Ventilation," by Mr. A. E. Hanson. 
April 6th.— Informal talk, "Steam Turbines," by Mr. H. H. Barnes, Jr. 
April 13th. — Regular meeting. Paper No. 103. 
April 18th. — Engineering exhibition. 
April 19th. — Engineering exhibition. 
April 20th. — Engineering exhibition. 
April 21st. — Engineering exhibition. 
April 22d. — Engineering exhibition. 

April 27th.— Informal talk, "Rust Prevention," by Prof. A. H. Sabin. 
April 29th.— Concert. 
May 4th. — Informal talk, "Bridge Building in the Hawaiian Islands," by 

Mr. John W. Hamilton. 
May 6th. — Excursion, Fourth Avenue Subway. 
May 11th. — Regular meeting. Paper No. 104, followed by concert of the 

Polytechnic Glee, Banjo and Mandolin Clubs. 
May 13th. — Excursion, H. F. Krautz Electrical Manufacturing Company. 
May 18th. — Ladies* night. Lecture, "Items from the Orient," by Mr. Louis 

L. Tribus. 
May 25th. — Informal talk, "Steam Railroad Electrification," by Mr. Fred- 
erick Darlington. 
June 17th. — Excursion, Perth Amboy. 
June 22d. — Ladies' dinner at Brighton Beach. 
October 12th. — Regular meeting. Paper No. 105. 
October 19th. — Informal talk, "History and Description of the Westinghouse 

Air Brake," by Mr. W. G. Kaylor. 
October 21st. — Smoker in clubhouse. 
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October 26th.— Informal talk, "Chasing the Firebug," by Mr. W. L. Beers. 
November 2d. — Informal talk, "The United States Army Camp in Texas," 

by Capt. Robert S. Allyn. 
November 4th. — Excursion, Bay Ridge Improvement. 
November 9th. — Regular meeting. Paper No. "106. 
November 16. — Ladies' night, "The Parker Expedition to Mount McKinley," 

by Mr. Waldemar H. Grassi. 
November 23d. — Informal talk, "Design and Manufacture of Spur Gearing,** 

by Mr. Ralph E. Flanders. 
November 27th. — Reception by the Board of Directors. 
December 7th. — Informal talk, "Water Meters," by Col. John A. Drew. 
December 14th. — Annual Dinner. j 

The House Committee. — Early in the year the House Committee asso- 
ciated with itself the following Auxiliary Committee : Messrs. Lewis P. 
Brown, Wm. J. Conway, John H. Duncan, C. R. Gabriel, Clyde D. Gray, 
Geo. H. Hughes, Frederick Ljung, Edwin L. Miller, Francis P. Murphy, 
Walter L. Mohn, H. B. Reifsnyder, Nathan C. Rockwood, Hartley L. H. 
Smith, L. S. Thomason, Bartholomew Viola, Wm. C. Yates and W. M. 
Purdy. 

The first event held by the House Committee was an informal smoker in 
the clubhouse. The entertainment was furnished by the members and their 
friends, and the only expense to the Club was for refreshments and accom- 
panist. Attendance, 110. 

Musical numbers an 3 monologues were given by Messrs. Mohn, Conlon, 
Head, Frank, Hough, Pirco, Agramonte, Gabriel, Collins and Byrnes. 

The fifth annual concert and smoker was held at the Kings County 
Palace on March 25th, 1911. Attendance, 510. 

As in the past, the entertainment was given entirely by members of the 
Club and friends. Part one of the program consisted of four instrumental 
selections given by thirty members of the Amicitia Orchestra, of Jersey City. 
Part two consisted of eleven numbers given by a chorus of twenty-five mem- 
bers of the Bay Ridge Athletic Club, under the management of Mr. Frank 
L. Martin, with songs, monologues, etc., by Messrs. Collins, Forsman, Wilkes, 
May, Ring, Wilson, Armour, Corbett, Self and Hoyt. 

The concert given in the clubhouse on April 29th, 1911, was most 
artistic. Attendance, 125. Selections rendered by The Von Ende Violin 
Choir of twenty violins, piano and organ, under the leadership of Mr. 
Herwegh Von Ende, and the solo numbers by Mme. Boriska De Ujfalussy, 
soprano ; Master Harold Muckline, violin, and Mr. Sigmund M. Bassell, 
piano, were greatly enjoyed by the members and the ladies of their families. 
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The program on this occasion was unusually artistic, the coyer being 
decorated with three interior views of the clubhouse. This concert was 
arranged by Mr. Bartholomew Viola, member of the Auxiliary House 
Committee. 

After the regular business meeting and paper of May 11th, 1911, the Glee, 
Banjo and Mandolin Clubs of the Polytechnic Institute, under the leadership 
of Mr. G. Warren Stebbins, gave a vocal and instrumental concert of eight 
numbers, which was greatly enjoyed. The arrangements for this neighborly 
visit were made by Mr. J. J. Johnson, member of the Brooklyn Engineers' 
Club and of the Polytechnic Glee Club. 

The fourteenth annual dinner to the ladies was given at the Hotel 
Jefferson, Brighton Beach on Thursday, June 22d, 1911. An innovation on 
this occasion was a response to a toast by a lady, Miss Harriet Mae Mills, 
President of the New York State Women's Suffrage Association. Inter- 
esting addresses were also made by Hon. Edward M. Bassett and Rev. Lewis 
T. Reed, and excellent solos were given by Messrs. Peter J. Collins and 
Albert J. Wiederhold. 

On Saturday evening, October 21st, 1911, a smoker was held in the club- 
house. Attendance, 100. 

For this occasion Mr. E. H. Blunt, of the Club, organized and trained a 
glee club of eighteen and an orchestra of eleven members and friends. The 
choruses and orchestral selections were rendered in a creditable manner, and 
solos were given during the evening by Messrs. Hicks, Conners, Conlon, 
Fitzpatrick and Stepan. 

The reception given by the Board of Directors to the members and ladies 
was a pleasant affair. During the evening solos were sung by Messrs. Con- 
ners and Conlon, refreshments were served and the company danced until 
midnight. 

Arrangements for the annual dinner at the Hamilton Club on December 
14th, 1911, are complete. The speakers are Hon. Chas. A. Towne, ex- 
Senator from Minnesota ; Hon. Lewis H. Pounds, Commissioner of Public 
Works, Brooklyn, and Hon. Raymond B. Fosdick, Commissioner of Accounts, 
New York City. 

The House Committee has done good work in renting rooms in the 
house, looking after repairs to the house, including the construction of a 
new portable stage in the meeting room, arranging for refreshments after 
regular meetings and assisting other committees, notably during "exhibition 
week." 

The Library Committee. — As the income of the Club is limited it was 
decided to purchase for the library only such bookjs as, were known to be 
needed. A notice was therefore sent to the members that all appropriations 
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had been made for the purchase of technical books, and that any book for 
which a request was made would be purchased. A notice was also posted 
in the library asking members to file a memorandum for the Library Com- 
mittee of any book looked for in the library but not found. 

With the addition of books given to the Club, the new library started 
after the purchase of the house now numbers 284 volumes, not including 
a very much larger number of reports, transactions, etc.. 

Seventy-seven volumes of the current engineering publications subscribed 
for by the Club have been bound and placed in the library this year. 

The Library Committee has also produced an excellent set of plans for 
the future enlargement of the clubhouse, and has drawn plans for, and 
with the co-operation of the House Committee supervised the installation of 
a new steam-heating plant in the present house, which is a very valuable 
improvement. 

Committee on New Membership. — The Club shows a gain in membership 
as the result of the year's work. 

There have been elected 17 Corporate, 2 Associate and 2 Non-Resident 
Members with four applications received but not acted upon. 

The Entertainment Committee. — As the result of the earnest and suc- 
cessful work of this Committee papers of high quality have been presented 
at every regular and informal meeting throughout the year. 

It should be noted that this year members have been commendably 
prompt in delivering their finished papers for publication, all of the papers 
presented during the year, with the exception of that presented at the last 
meeting, being now in the hands of the Secretary, ready for publication. 

Members have been invited to bring the ladies of their families to three 
of the informal library evenings this year, the topics presented being as 
follows : February 2d, 1911, "The Panama Canal" ; May 18th, 1911, "Items 
from the Orient" ; November 16th, 1911, "The Parker Expedition to Mount 
McKinley." 

The attendance at these meetings has been from 80 to 95, indicating that 
this is a feature of the Club life which should be continued. 

The Committee has arranged for the regular paper to be given in Janu- 
ary and for all of the informal library talks up to the first regular meeting 
of February. 

The Excursion Committee. — Five excursions have been held during the 
year. 

On Saturday, March 11th, 1911, a social call was made on the Phila- 
delphia Engineers' Club. A special car left Flatbush Avenue Station of the 
Long Island Railroad at 2 :15 P. M., and the Pennsylvania Station in Man- 
hattan at 3 P. M., arriving in Philadelphia at 5 o'clock. The party of 
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thirty-five was met at the Broad Street Station by a delegation from the 
Philadelphia Club and escorted to the clubhouse. The banquet given by 
the Philadelphians overtaxed the capacity of the dining hall. After some 
toasts and speeches the party adjourned to the cafe in the basement of 
the clubhouse, where a smoker and fine vaudeville performance was given. 
The special car returned with the 10:30 train from Philadelphia, a large 
number of the Philadelphians escorting our party to the train. 

The Chairman of the Committee deserves great credit for the efficient 
manner in which he handled this excursion. 

It is unfortunate that the Philadelphia Engineers' Club was forced to 
cancel, at the last moment, the arrangement it made for its return visit in 
June. 

On Saturday, May 6th, 1911, an inspection was made of the Fourth 
Avenue Subway from 15th to 36th Streets. 

This party was under the management of Mr. H. L. Oestreich, Division 
Engineer, Public Service Commission, and member of the Club. 

The steel forms for concrete used by the Tidewater Construction Com- 
pany and many other interesting details of subway construction were 
observed. 

On Saturday, May 11th, 1911, a visit was made to the factory of Mr. 
Hubert F. Krantz, Member of the Brooklyn Engineers' Club. A portion 
of the factory was kept in operation so that members could see the method 
of marbleizing slate, porcelain enameling on steel and other details of the 
manufacture of electric switchboards and specialties. 

On Saturday, June 17th, 1911, through Mr. P. H. Bevier, Chief Engineer 
of the National Fireproofing Company and a former Member of the Club, a 
very enjoyable excursion was made to the works of the National Fireproofing 
Company at Perth Amboy, N. J. 

The company's tug "Fireproofer" left Pier 15, near the Battery, at 12 :30 
P. M., taking the party on a three-hour sail around the west side of Staten 
Island. An elaborate lunch was provided for the guests. All of the dif- 
ferent processes in the manufacture of terra cotta building blocks were 
observed. The visit was very interesting and instructive, and we were 
fortunate in having weather exactly suited to the occasion. 

On Saturday, November 4th, 1911, a trip was made over the work of 
the Bay Ridge Improvement. A special train, containing a day coach and 
a buffet observation car, left East New York Station of the Long Island 
Railroad at 2 P. M., proceeding to 65th Street and 1st Avenue, thence 
back to the Brighton Beach Railroad and to Manhattan Beach ; thence to 
the Sunnyside Yard at Long Island City; thence to Jamaica and back to 
East New York, arriving at 5:30 P. M. The thanks of the Club are due 
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to the President of the Long Island Railroad for his courtesy in this matter 
and to Mr. Lardner V. Morris, Chief Engineer of the Bay Ridge Improve- 
ment and Member of this Club, for arranging the excursion. 

Press Committee. — This special Committee, appointed this year for the 
first time, was created to further the interests of the Club by bringing its 
activities and advantages before the public through the daily papers. 

The Committee began its work by the purchase of a scrap book in which 
to keep newspaper clippings, programs, etc. It is believed that this scrap 
book record, kept in the library, will be of increasing interest as years go by. 

The remarkable results of the system finally perfected by the Committee 
is indicated by the fact that over 3 400 lines of reading matter, in addition 
to a half -page special article, were devoted to the Club's affairs by the 
newspapers of the city during the months of October and November alone. 

Publication Committee. — The Proceedings for last year was published, 
and is fully up to any of its predecessors in appearance and quality. In 
connection with his work of obtaining advertisements the Business Manager 
organized one of the most successful innovations of the year, namely : 

The Exhibition. — For five days and evenings, April 18th to 22d, inclu- 
sive, the clubhouse was thrown open to the public with an exhibition of 
models of machinery used in engineering work, etc. 

Thirty firms and individuals exhibited. The attendance was good, and 
the exhibition was favorably commented upon by the daily press and the 
engineering publications. A special Auxiliary Committee, consisting of 
Messrs. Grinden, Donnelly, Cuozzo, Sinclair, Wiederman and Simmons, as- 
sisted in this affair. 

In connection with the publication should be noted the establishment of 
the Alfred T. White Prize. 

This prize has been named after our only Honorary Member as a mark 
of our affection and respect. Its purpose is to stimulate the thorough 
preparation and prompt presentation for publication of technical papers by 
Members of the Club. 

A committee consisting of Messrs. Arthur S. Tnttle, William W. Macon 
and J. S. Langthorn was appointed by the President to draw up rules gov- 
erning the award of the prize, and a second committee, consisting of Messrs. 
James W. Nelson, Henry B. Seaman and Henry L. Oestreich, to report upon 
the kind of prize to be given. 

The rules adopted have been sent to all Members with the notice of the 
annual meeting. 

It was decided that the prize should be $50 in cash and a certificate 
signed by the President, Secretary and Committee of Award. The Com- 
mittee in charge has selected the design for the certificate, and it is expected 
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that the certificate will be on exhibition at the annual dinner, December 14th, 
1911. 

Another event of interest during the year was the cancellation of de- 
benture bonds of the Club to the amount of $4000. It was thought wiser 
to repay to members of the Club the amounts loaned by them to assist in 
the purchase of the house rather than to invest the surplus in securities 
which might have paid a slightly higher rate of interest than the club 
pays on the money it has borrowed. 

The Club is to be congratulated upon its sustained progress during the 
year and upon the enthusiasm shown by the Members in their committee 
work. 

The Secretary reports for the year the resignations of 11 Corporate and 
2 Non-Resident Members, and 1 Corporate Member dropped for non-payment 
of dues, and regretfully adds the loss by death of Jno. J. McLaughlin, of 
whom a memoir and portrait will be placed in the Proceedings for 1911. 

The membership is at present distributed as follows: 

Corporate Members 286 

Associate Members 32 

Non-Resident Members 43 

Honorary Member 1 

Total 362 

The Auditing Committee. — In accordance with the Constitution this Com- 
mittee has audited the books of the Secretary and of the Treasurer. The 
books have been found to be correctly kept, and a statement of receipts, 
expenditures, assets and liabilities of the Club is made a part of this 
report. 

Receipts. 

Balance in Bank December 1, 1910 $1 566.78 

Dues and Initiations 3 852.20 

Dinners, etc 511.50 

Mortgage, Principal and Interest 4 157.11 

Proceedings 682.60 , 

Rentals 1 286.32 

Badges and Keys 41.00 

Contribution to Library Fund 100.00 

Members' Credits 27.50 

Unpresented cheques 5.00 

Bank Interest 79.73 

$12 300.74 
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Expenditures. 

Taxes— Real Estate $508.95 

Water 24.00 

Special 20.29 553.24 

Redemption of Club Bonds 4 000.00 

Interest on Club Bonds and Mortgage 1 390.33 

Exchange on out-of-town cheques 1.20 

Fuel 140.25 

Lighting 240.86 

Heating Plant 858.00 

Miscellaneous Expenses 359.85 

Repairs and Renewals 45.06 

Salaries 1 351.50 

Printing and Stationery 332.64 

Postage 252.92 

Typewriting and Stenography 176.60 

Proceedings for 1910 906.96 

Library 104.60 

Dinners, etc 778.38 

Badges and Keys 29.50 

Balance in Bank December 1, 1911 787.85 



$12 309.74 



Statement of Assets and Liabilities of the Club. 
Assets. 

House, 117 Remsen Street $29 000.00 

Furniture (cost value) 2 046.83 

Books, periodicals and Proceedings (back numbers) 

estimated 2 500.00 

Outstanding accounts — Dues, Rentals and Advertising 793.00 
Balance in Bank 787.85 

$35 127.68 

Liabilities. 

Mortgage on House, 117 Remsen Street $18 000.00 

Bonds of the Club 6 000.00 

Outstanding accounts 500.00 

Excess of Assets over Liabilities 10 627.68 

$35127.68 

The Board extends its thanks to the several committees for their work, 
the year has been a successful one, the Club is in a sound financial condi- 
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tion after having paid off a large portion of its indebtedness and after mak- 
ing many valuable improvements to its house. It has also continued the 
healthy growth it^has had in the past and which we believe it will continue 
to enjoy in the future. 

Respectfully submitted, 

Winfled H. Roberts 
John M. Steinmetz 
Joseph Strachan 
Wm. T. Donnelly 
Herbert C. Keith 
Walter F. Wells 
George A. Orrok 

The election of officers for 1912 was declared to be the next order of 
business, and by motion, duly carried, Mr. J. C. Meem was requested to 
cast one ballot in favor of the ticket presented on November 9th by the 
Nominating Committee. Mr. Meem reported that the ballot had been cast 
and the President thereupon declared the following elected as the officers 
for 1912 : 

For President, William T. Donnelly 
Secretary, Joseph Strachan 
Treasurer, James W. Nelson 
Director, Henry W. Woodcock 
Director, E. M. Van Norden 

R. L. Williams 
Auditing Committee, . 



each for the term of one year. 



W. W. Brush 
H. P. Moran 



The newly elected President was at once inducted into office, and after 
thanking the members for the honor conferred upon him, he, upon motion 
duly carried, declared the meeting adjourned. 
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THE HYDRO-ELECTRIC DEVELOPMENT OF THE 
GREAT WESTERN POWER COMPANY 



By H. P. Rust. 
Presented January 12, 1911. 



California has been the pioneer State in the electrical development #f 
water powers in connection with high voltage, long distance transmission 
lines. 

At first, the plants were small, as the power market to be supplied was 
limited, and they were soon surpassed in size by other developments in dif- 
ferent parts of the country where the demand for power was much greater. 
However, the amount of power used in the West has been increasing lately 
at a very rapid rate, so that recently it has proven profitable to build a 
large water power plant in California, which in point of size, efficiency and 
permanence of construction, is equal to any of the developments in the East. 

The Great Western Power Company of San Francisco have recently com- 
pleted the largest hydro-electric power station in the West, but this plant 
represents only a small part of the power which the company can ultimately 
obtain from its properties which have not yet been developed. In fact, the 
whole scheme of development which they are now going ahead with, will, 
when finished, be as large as any water power plant which has yet been 
contemplated. 

The "development is on the North Fork of the Feather River, a branch 
of the- Sacramento River, which rises in the Sierra Nevada Mountains in 
the Northeastern part of California. The power house is at Big Bend, 18 
miles above Oroville, and 160 miles from San Francisco, where most of 
the power is used. 

At' Big Bend, as the name would indicate, the river makes a long detour 
of a horse-shoe shape ; the distance around the bend is about 11 miles, but 
the distance across the neck of land is only 3 miles. The natural fall in 
the river in this distance is 413 ft. 

By means of a dam at the upper end of the bend the flow of the river is 
diverted into a pressure tunnel 3 miles long, across the neck of land, to the 
power house 1 at the lower end of the bend where the total fall in this length 
of the river can be obtained. Here there are at present 4 units installed, 
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each of 15 000 horse-power or 60 000 horse-power in all. The station is 
only one-half the size to which it will ultimately be built, but the tunnel is 
large enough for 4 more units. 

Drainage Area. 

The drainage area of the river above Big Bend is 1 954 sq. miles. The 
low flow in an average year is about 1 000 cu. ft. per second or about y 2 
sec. ft. per sq. mile. It is estimated that in a dry year, such as may occur 
once in 25 years, the flow may drop to about 750 sec. ft., and that in a dry 
period which occurred 50 years ago it may have been as low as 50 sec. ft. 

The rainfall nearly all comes in a few heavy storms during the Winter; 
and during about five months in the Summer there is no rain. The greatest 
recorded flood is 125 000 sec. ft., which occurred in February, 1907. 

The 4 units in the station now require about 1000 sec. ft. when operat- 
ing at 70% load factor and before more units can be installed the dry sea- 
son flow will have to be increased by storage of flood waters for use during 
the Summer. 

This part of the project was most carefully studied before work was 
started by Mr. J. R. Freeman, who made an extensive report on all the 
hydraulic features ; and also by Mr. Emil Kuichling. 

Fortunately there is an excellent site for an enormous storage reservoir 
at the head of the North Fork, 50 miles above Big Bend. Here there is a 
very large mountain valley, and by the construction of a comparatively small 
dam a reservoir may be formed which will be one of the best and largest 
that has yet been proposed. 

The drainage area above the reservoir site is 500 sq. miles. It is about 
40 miles long and about 20 miles wide. In the northwest corner is Mt. 
Lassen, probably the most recent active volcano in the United States, with 
an altitude of 10000 ft. The western portion is all heavily timbered, but 
t# the East, near the Nevada line, it becomes a sage brush country. The 
altitude of the reservoir is 4 500 ft. above sea level. 

The prevalent winds during the Winter are from the southwest. The 
rain is all from these moisture-laden winds from the Pacific which is pre- 
cipitated when it strikes the mountains. It is on this account that the rain- 
fall is much greater on the western part of the drainage area than on the 
eastern part. 

The average precipitation over this drainage area is 48 ins. yearly, but it 
varies from 75 ins. on the West side to 30 ins. on the East side. The 
run-off averages about 28 ins., or 50%. 

The reservoir site at Big Meadows is a large mountain meadow about 
40 sq. miles in area, which can be overflowed to an average depth of 40 
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ft. by a masonry dam across the canyon at the lower end of the meadows. 
This dam will only be about 100 ft. high above the present water level and 
135 ft. above solid rock. It will be about 800 ft. long on the crest. 

The reservoir will contain over 40 billion cu. ft., and to show the large 
size of it, the capacity of other large reservoirs may be mentioned : New 
Ooton Reservoir 4% billion cu. ft. ; Ashokan Reservoir 9 billion cu. ft. ; 
Roosevelt Dam, Salt River, 56 billion cu. ft. ; Reservoir on the Rio Conchos, 
formed by the dam of the Mexican Northern Power Co., near Chihuahua, 
Mexico, now being built, 70 billion cu. ft. However, as the Big Meadows 
<3am will be only about half the height of any of those mentioned, the nat- 
ural advantages of the site are much greater. 

Aside from the possible storage in this reservoir, the present sustained 
flow from the valley during the dry season is remarkable. The low flow in 
an average year from the 503 sq. miles is 500 sec. ft. So that this water- 
shed which is only one-fourth of the total above Big Bend, furnishes one- 
half of the low flow passing there, and in fact it furnishes practically half 
of the low flow passing Oroville where the drainage area is about seven 
times as large a? above Big Meadows. 

The reason for this, is the large underground flow coming from certain 
parts of the valley and appearing as large springs which have a constant 
flow the year round. The northern part of the watershed lies within the 
limits of the great lava flows of Oregon and northern California, and Las- 
sen peak is surrounded with large deposits of fissured lava, porous cinder 
and ashes, which form a natural subterranean reservoir, in which flood 
water is stored and runs off in the dry season, perhaps two or three years 
after it has fallen. 

Contrary to the usual ideas, melting snows on the high mountain peaks 
are found to add nothing to the late Summer flow. This all comes from the 
underground flow, and the snows then evaporate rather than melt. 

By means of the reservoir it will be possible to regulate the flow at Big 
Bend so as to always have 1 800 sec. ft. there, or the low flow there will be 
practically doubled. 

Possible Developments. 

Immediately downstream from the reservoir dam is a long series of steep 
rapids and cascades and the river falls 2 000 ft. in a distance of 14 miles. 
Here about 200 000 horse-power can be developed when the market shall 
have grown sufficiently to use it. 

Further downstream there are other falls aggregating about 500 ft. 
before coming to Big Bend, so that in all 400000 horse-power can be 
developed along the river. 
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However, the Big Bend site is much nearer San Francisco and more 
accessible, and for many other reasons it was considered the best, so that 
this plant has been built first. 

Big Bend Development. 

As explained before, the development consists of a concrete diverting dam 
40 ft. high, which will finally be raised to 130 ft. in height above the orig- 
inal water level. 

This dam turns the flow through a concrete lined pressure tunnel three 
miles long. Part of this tunnel is an old mining tunnel, formerly used to 
drain the river bed around the bend, which has been enlarged and lined. 
At the outlet there is a riveted steel header pipe securely concreted into the 
end of the tunnel. This branches into four smaller penstocks down the 
side of the canyon and connects with each of the four turbines in the power 
bouse below. 

The end of the header pipe is turned up the hillside to a level 35 ft. 
higher than the crest of the dam and forms a surge pipe, or vent, and pre- 
vents any excessive pressure of water hammer in the tunnel due to quick 
closure of the turbine gates. 

The problem of the development was a peculiar one and there are sev- 
eral conditions which make it unlike any other in the West. 

First, there was the old mining tunnel which had to be used. This had 
a steep grade and a fall of 70 ft., too much to be wasted by using a gravity 
tunnel, so this necessitated a pressure tunnel. A new tunnel or extension 
was necessary from the exit of the old one in Dark Canyon to the main 
river 3 400 ft. long, to obtain all the head available with the shortest pos- 
sible head-race. With a pressure tunnel and pipe lines, all enclosed, the 
quantity of water flowing could be quickly changed, thus allowing for 
changes in the load on the generator without having to waste water over 
spillways, as would be necessary with a gravity conduit, in which the flow 
would have to be constant nearly all the time. 

The pressure tunnel allowed the use of a high dam at the intake to in- 
crease the head, and to form a balancing reservoir to carry daily peak loads 
or store water over Sunday. With such a reservoir no water need be wasted 
on account of any load factor which may be obtained for the plant, and the 
average flow during the day could be stored when the load was light and 
used when the demand for power was at its greatest. By means of the 
reservoir and pressure tunnel the amount of water which could be obtained 
from the low flow in the river is increased from 50 to 60%. 

The chief disadvantage of a pressure tunnel in such a case is the diffi- 
culty of taking care of the water hammer and providing for close regula- 
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tion, but by special precautions afterwards described this may be safely 
taken care of. 

This design necessitated engineering and construction work of a high 
character, much more so than is customary with most power plants in the 
West. 

In order to get the plant started as soon as possible and cheapen the first 
cost, only half the power was first built and the high dam has been de- 
ferred. But the tunnel has been made large enough and all connections 




Fig. 3. — Map op Big Bend. 

provided so that the power house may be doubled and four more units in- 
stalled without interfering with the operation of the first installation. 

Before describing in detail the different portions of the work, the con- 
struction plant and camp should be described. 

Construction Plant and Camps. 
The main problem before the railroad was completed, as far as the 
work, was transportation. This had been promised for early in the Summer 
of the first year's work, but the railroad engineers also had their troubles^ 
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and it was not in operation as far as the power house until the following 
Spring. During this time all supplies and plant had to be hauled 20 miles 
from Oroville. 

About 25 miles of new roads were built into the different camps and the 
saw mills. 

Work was started in the Fall of 1906, and the weather during the first 
Winter was very bad. There was a great deal of rain and snow and the 
roads were almost impassible. However, sufficient plant, boilers, compres- 
sors and supplies had to be hauled in to start the tunnel excavation. 




Fig. 5. — Temporary Timber Dam and Intake Tower. 

At the intake there was a camp (Camp No. 7), accommodating about 
300 men. 

Besides the concrete plant here, there was a 1250 cu. ft. steam-driven 
compressor and boilers, etc. 

The principal Camp (Camp No. 3), was in Dark Canyon, at the exit of 
the old tunnel. Here there were accommodations for about 600 men and 
the principal repair shops, etc. 

The camp at south portal above the power house (Camp No. 4) , had ac- 
commodations for about 300 men. 

Besides these, there were two saw mills, Camp No. 6 and Camp No. 8, 
*ach with a capacity of 10 000 ft. of lumber per day; and also the head- 
quarters, Camp No. 1, and the various store-houses, commissaries, etc. 
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As the work was carried on shortly after the San. Francisco fire, labor 
was very scarce and of poor quality. The maximum force was about 1 600 
men and it averaged 1 200 most of the time. 

No contractor could be found who would undertake the work at a rea- 
sonable price, as all who were asked to bid seemed afraid of the inaccessi- 
bility of the site, so all the work at Big Bend was carried on by the engi- 
neers by day labor. 

Among other troubles, there were two severe floods, the first of which 
washed away most of the buildings in the headquarters camp, and one bad 
forest fire which burned over a large portion of the Company's property at 
Big Bend and endangered the camps and equipment. 

Intake Tower. 

In order to control the water entering the tunnel at all levels at which 
the water might stand in the reservoir, and also to provide access to the 
tunnel from this end, a concrete gate tower has been constructed. It is of 
somewhat unusual construction and is a massive piece of work. It con- 
sists of a heavy hollow concrete cylinder 28 ft. in inside diameter, with 
walls from 12 to 7 ft. thick ; it is now finished to El. 940 or 76 ft. high, but, 
when the high dam is built, will be 163 ft. high. 

Around the outside there are 12 buttresses 3 ft. thick, between which 
there are now 2 tiers, but ultimately 4 tiers, of 12 flap gates ; making in all 
24 gates now in use, and ultimately there will be 48. They are each 3 ft. 
4 in. x 4 ft. in. in the clear and are made of steel plate. The frames, how- 
ever, are cast iron. The gates can be opened by the rod extending up to the 
floor, which is lifted by a hand-operated crane. Their principal advantage 
is that they can be closed so easily ; by simply releasing the rod at the top, 
they close of their own accord, so that in case of accident all the gates can 
"be closed very quickly and it does not require any power. In opening them 
one of the upper gates, which does not require much power, is first opened, 
-allowing the tunnel to fill gradually and equalize the pressure on each side, 
so that the lower ones can then be easily opened. 

Outside the gates and between the buttresses are the screens. These are 
made up of 2% in. x % in. flats, spaced 2 ins. apart, and slide into C. I. 
grooves bolted to the side of the buttresses. They are arranged to be raked 
from a floating platform fitting between the buttresses. 

This arrangement allows water to be taken from nearer the surface 
-and ensures freedom from sand, silt or debris. It also gives large rack and 
gate area with a minimum of masonry. 

In order to start the plant before the dam was finished, 4 temporary 
•openings were left through the bottom of the tower. These were controlled 
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temporarily by steel and redwood gates, motor operated. But since the 
completion of the clam they have been closed permanently and will not be 
used in the future. 

During construction of the tower access to the tunnel had to be allowed 
for, as it was being enlarged and lined at the same time. A crushing and 
concrete mixing plant was erected near the tower and concrete was mixed 
here for both the tower and for lining this end of the tunnel. A quarry of 
hard trap rock was opened up just upstream. There was also a compres- 




Fig. 7. — View of Masonry Dam and Intake Tower. 
sor located here of 3 250 cu. ft. per min. capacity to supply compressed air 
to this end of the tunnel. 

No sand for concrete could be obtained nearby, so 2 sets of 24-in. crush- 
ing rolls were installed in the crushing plant to crush rock fine enough for- 
u se as sand. 

There was not room for a camp and quarters near the river, so this 
was located about 350 ft. higher up the canyon side, above the tower, with 
accommodations for about 300 men. 

Timber Dam. 

In order not to interfere with work in the tunnel and protect this end 
of it from a higher water level, the intake tower had to be practically fin- 
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ished before the diverting dam could be started. Work on the tower could 
not be rushed without interfering with work in the tunnel, so that it re- 
quired all the first working year to complete the tower and the dam could 
not be started until the second Summer. 

In order to get the plant started as soon as possible, this left only one 
season in which to build a dam and it would have been impossible to put in 
the foundations and build a masonry dam in one Summer, only about six 
months. So it was decided to build a temporary timber dam sufficiently 
high to turn the water through the lower sluiceways of the intake tower and 
build the masonry dam later. 

The timber dam was located just above the site for the masonry dam, 
and built so it would later act as a coffer-dam for the masonry dam. It 
is about 700 ft. downstream from the intake tower. 

Also, as the Western Pacific R. R. was not finished as far as the intake, 
the cost of cement and sand would at that time have been excessive for the 
-construction of any large amount of masonry. 

The timber dam is shown in plan and cross-section. It has a slope of 
2 in 1 on the upstream side, a level crest 10% ft. wide and three steps on 
the downstream side, each 16 ft. wide. It was arranged so 8 ft. of flash- 
boards could be added on the crest. 

The crest is 22 ft. above the tunnel invert at the intake. It is about 
18 ft. above the original water, or about 26 ft. above the river bottom, and 
is about 280 ft. long. The dam is built of 12-in. x 12-in. square timbers 
bolted together with %-in. drift bolts 26 in. long. Additional longitudinals 
and rakers are spaced 4 ft. apart to support the deck. This is made of two 
layers of 3-in. plank on the upstream face and of one layer of 6-in. plank 
on the crest and the downstream face. 

The dam was built in the dry between two coffer-dams. It is founded 
on solid rock at each end, but in the center of the river rests on the boulders 
and hard pan of the river bottom. A row of timber sheet piling was driven 
along the upstream face to prevent leakage under the dam. 

During the first Winter it successfully withstood a flood of 95000 
«ec. ft., about three-fourths the maximum expected in the river. This 
overtopped the crest about 22 ft. No leaks developed, except one at the 
•end, through a crevice in the rock, and the pond above was filled with so 
much silt it made the dam quite tight. 

However, the large amount of silt in the water caused a sand blast 
action, which wore away the decking in some places from 2 in. to 4 in. 

The timber for the dam was all obtained from the Company's property 
near Camp 8, on the east side of the Bend, and was sawn at the mill there. 
It is mostly pine. 
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Permanent Dam. 

The masonry dam was not started for a year after the timber dam was 
finished, and has just been finished up to El. 920. It is about 300 ft. long 
on the crest and is 50 ft. high above the river. It is high enough to turn 
the water through the gates of the intake tower and to form a regulating 
reservoir to store water for the daily peak loads and enable the station to 
operate at any load factor without wasting water. 

It has a gravity Ogee section of cyclopean concrete masonry, and is very 
broad at the base on account of the severe floods. The maximum flood 
will overtop the crest about 23 ft. 

The foundation is a very hard and tough diorite rock, locally called 
greenstone. The bottom of the river was covered with large boulders and 
gravel, which had to be excavated. The lowest point of the foundation is 
45 ft. below the original water level. 

In constructing the dam a new camp and quarters were built. Four 
Lidgerwood cableways were used and a large new rock crusher plant and 
concrete mixing plant installed. 

Of course, it is intended, as explained before, that this dam will ulti- 
mately be built 90 ft. higher. 

Tunnels. 

As was shown on the map, the old tunnel of the Big Bend Mining Co. 
only discharged into Dark Canyon, and did not go completely across the 
neck of land to the main river below. 

This old tunnel has quite an interesting history. It was started in 
1883 at the time placer gold mining was booming in that part of California, 
the idea being to divert all the dry season flow of the river through the 
tunnel 12 300 ft. long to Dark Canyon, and leave the river around the 
bend dry, thus allowing the Company during the Summer to work the 
gravels and sand in the river bed and extract the gold which was supposed 
to be there. / 

The tunnel was started from the Dark Canyon end, and required threfr 
years to complete. It was about 8 ft. high by 13 ft. wide and had a 
grade of 5 per 1 000. The progress was rapid, 400 ft. being made one 
month. A timber diverting dam was built across the river just below the 
intake, but when the water was turned through the tunnel it was found 
that unfortunately the tunnel had not been made large enough, and would 
not take nearly all the Summer flow. It was then enlarged, requiring 
another year, by taking 4 ft. more from the roof of the tunnel, making it 
12 ft. x 13 ft. in cross-section. The cost of the complete tunnel was then 
$750 000. 
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Work was started prospecting the river in 1888, but with poor success* 
The next year the Company spent $100000 to obtain about $40000 worth 
of gold, hardly a paying proposition, so the project was abandoned. 

The tunnel then lay idle until purchased by the Great Western Power 
Company to be used as part of their development. 

The maximum flow required in the tunnels is 2 500 sec. ft. The maxi- 
mum allowable velocity decided on was 11 ft. per second, so the net cross- 
section was made 220 sq. ft. inside the concrete lining. 

The old tunnel measured about 12 ft. x 13 ft., so it had to be consid- 
erably enlarged. It was made of a horse-shoe section 18 ft. high by 14 fL. 
wide inside the lining, or 20 ft. x 16 ft. outside the lining. The enlarge- 
ment was made by taking from 5 to 6 ft. from the roof and by trimming 
2 to 4 ft. from one side. This is the reason for making the section so high: 
in comparison with its width, as it was considered more economically iiL 
making the enlargement to take as much from the roof as possible. 

The 3 400 ft. extension, or new tunnel, being entirely new, could be- 
made a better section. As shown, it is 16 ft. wide by 16 ft. high inside- 
the lining, horse-shoe shape, but of the same net area. 

The concrete lining is intended to be 12 in. thick. The minimum 
allowed on the sides and arch was 6 in., and 4 in. on the invert. From. 
careful cross-section taken with a sunflower the actual thickness averaged* 
21 inches. 

At the intake the invert is 54 ft. below the present crest of the dam; 
throughout the new tunnel and in the header pipe about 120 ft. below.. 
When the dam is raised to its final height, the header pipe will be 200 ft 
below, and the tunnel has to withstand the internal pressure due to this. 

The ground is solid rock throughout. The new tunnel and both ends of 
the old tunnel are through shale, but about 6 000 ft. in the middle of the- 
old tunnel is through a very hard and tough blue trap, really a diorite. 

The surface of the ground is mostly from 400 to 1 500 ft. above the 
tunnel and all rock. The few springs encountered in the tunnel or appear- 
ing along the canyon side, tended to show that the ground water level was 
much higher than that necessary to counteract the internal pressure in the- 
tunnel. On this account weepers (2 in. diam. pipe) were placed in the 
lining to relieve any pressure from the outside, one for each 100 sq. ft. of 
lining, and extra ones where any springs were encountered. However, the 
tunnel was very dry, and none were struck which gave more than what * 
1-in. pipe would carry. 

There were, however, three exceptions where all weepers were omitted 1 
and the lining was made at least 24 in. thick. First, for about 200 ft. in 
from the intake. Second, for about 400 ft., where the new tunnel branched 
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off from the old and ran under Dark Canyon. At one point here there 
is only 80 $t. of rock overlaying the tunnel. Third, for about 373 ft. in 
from the header pipe or to a point 500 ft. away from the portal above the 
power house. Great care was taken at these places to secure dense con- 
crete closely packed against the rock. 

In the other parts of the tunnel the rock is depended on to take the 
pressures, and the lining is considered merely as a means to obtain a 
smooth tube with small hydraulic losses. In fact, one engineer seriously 
proposed lining the tunnel with planed red-wood timbers supported on con- 
crete cradles. 

The proportions of the concrete mix were 1:3:5 Puddling stones were 
embedded in the concrete where possible, keeping them 6 in. from the face. 
Very little timbering was necessary except at each portal. At the intake 
end and throughout the tunnel the timbering was all left in place ; but at the 
portal above the power house it was removed, before the lining was placed. 
The exit into Dark Canyon was closed by a concrete bulkhead 25 ft. 
thick. Two 12-in. pipes fitted with gate valves were left through this to 
drain the tunnel and act as sand traps. 

The excavation from the roof of the old tunnel was carried on from 
heavy traveling timber platforms 24 ft. long. The rock was blasted directly 

onto these, then mucked into the cars be- 
low, and hauled away by electric locomotives. 
There were generally three platforms for 
each gang of miners, drilling being done on 
one, while mucking from a second and mov- 
ing the third ahead. Twenty travelers, or 
jumbos, were required in all, a number 
being broken in the hard trap rock. The 
progress varied according to the hardness of 
the rock, from 10 ft. per day to 3 ft. per 
day per gang of men. 

The new tunnel was driven with a full 
width heading followed by a single lift 
bench. It was worked from both ends; that 
is, from Dark Canyon, and also from the 
power house end. The result was a maxi- 
mum progress of 64 ft. a week in each heading. 

The lining was not started until the excavation was nearly finished, as 
it was considered better to wait until the Western Pacific R. R. was run- 
ning as far as the power house, so cement and sand could be obtained at a 
reasonable cost, by saving the wagon haul from Oroville. On this account 




Pig. 10. — Traveling Timber 
Platform for Enlarging 
Old Tunnel. 
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it was necessary to rush the lining in every way possible when it did start. 

The concrete was placed back of traveling forms operated in sets, made 

of timber. Each set consisted of an air hoist, 60 ft. of side wall forms and 

GO ft. of arch forms. 

These were arranged so the forms could be released as soon as the 

concrete had set and the carriage run ahead on rails to its new position. 

A 60-ft. form could be released, run ahead 

and set up again in from 3 to 6 hours by a 

small gang of men. 

One gang operated two sets of these forms 

and would fill one while the concrete was 

setting behind the other. From four to five 

gangs, both day and night, were employed. 

and the record progress was the equivalent 

of 8G0 ft. of complete lining in one week. 

The concrete was all mixed outside the 

tunnel and was hauled in by the electric 

locomotives. 

There were three mixing plants, one at 

the intake, one above the power house and 

one in Dark Canyon. Each consisted 

of a No. 5 rock crusher and two 

y 2 c. y. Smith mixers. There were two sets of 24-in. crushing rolls at the 

intake to crush rock fine for use as sand. Sand for the other plants was 

obtained from Marysville, 46 miles down the river on the Western Pacific 

R. R. 

At Dark Canyon was located the principal camp and equipment. It 

was crowded and inconvenient, as there was practically no level ground on 

which to place anything. There were accommodations here for about 600 

men. There were three air compressors with a capacity of 3 500 cu. ft. 

per min., eleven 30-horse-power boilers, machine shop, blacksmith shop and 

the concrete plant. Cord wood was used for fuel until most of that in 

the district was burned, and then crude oil was used. Three hundred 

horse-power of electric power at 30 000 volts, was also obtained from the 

Oro Water. Light & Power Co. from a small station on the West Branch, 

7 miles away. 

Header Pipe. 

At the lower end of the tunnel a riveted steel header pipe is embedded in 

the concrete lining for a distance of 125 ft. into the solid rock. It is 

16 ft. 9 in. in diameter, the same area as the tunnel, and 1 in. thick. This 

Miiekness of plate is, of course, necessary on account of the pressure of 200 

. head, or 87 lbs. per sq. in., which there will ultimately be. 



Fig. 11. — View of Traveling 
Concrete Forms for Tun- 
nel Lining. 
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Emerging from the tunnel, it turns 46° to the right and continues on 
a bench cut in the rock of the hillside for a length of 112 ft., connecting at 
the end with the surge pipe 9 ft. diameter. In this length it is reduced ic 
size in three tapered sections, first to 14 ft. 11 in. diameter, second to 
12 ft. 6 in. diameter, third to 9 ft. in. diameter. 

From each of these four different diameters there are connections for 
two of the 5-ft. diameter penstocks running down the hill to the power 
house, and also a connection for the 24-in. exciter penstock. There are at 
present four main penstocks and the exciter penstock, and the four other 
connections are left for the future inlets. 

The connections from the header pipe to the 5-ft. diameter penstocks are 
cast steel nipples. These were fitted to the header in the shop, and the 
holes for the 1%-in. connecting bolts were drilled in place. The bolts were 
iy 8 in. diameter turned to a driving fit with a nut on each end. 

At the upper end of the penstocks are the valves. There are two valves 
for each penstock in series. First a pivot, or butterfly valve, hand oper- 
ated, bolted directly to the nipple. Second, a motor-operated gate valve. 
Then a cast steel vertical elbow turning down the hillside on which is a 
12-in. air valve to admit air to the pipe when the valve is closed and pre- 
vent a vacuum in the pipe. There is a 16-in. by-pass around both the 
valves. Immediately below this, on the hillside, is a cast steel gland 
expansion joint in each pipe. 

The pivot valves have cast iron bodies and a cast. steel gate, and give 
an unobstructed opening equal to 5 ft. diameter. Eight of these have been 

installed, as they have also been 
placed on the connections for the 
four future units so that the fu- 
ture penstocks could be connected 
up without emptying the tunnel. 
The object of these pivot valves 
is to enable the gate valves in 
case of accident to be repaired 
without having to empty the tun- 
nel and shut down. They are an 
additional and cheap safeguard to 
the penstocks. Their cost is much 
less than the gate valves, but they 
are quite satisfactory. They are designed for the ultimate pressure of 87 
lbs. per sq. in., and did not leak any more than the gate valves under a 
pressure of about 50 lbs. per sq. in. 

The motor-operated gate valves have cast steel bodies. They are eloc- 




Fio. 12. — View op Header Pipe, Surge 
Pipe ang Gates. 
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trically controlled from a switchboard in the power house. There are also 
two 16-in. gate valves on the by-pass, one motor operated and remote con- 
trolled. This does away with the necessity of having an attendant here 
at all times to operate the valves. 

The header pipe, of course, was all riveted up in the field. The plates 
for the 16 ft. 9 in. diameter section were 1 in. thick, and for the other 
diameters are % in., % in. and % in. thick for the 14 ft. 11 in., the 
12 ft. 6 in. and the 9 ft. in. diameter, respectively. One and one-quarter 
in. and 1%-in. rivets were used in the heavy pipe, and as there was not 
room to use a compression riveter of the power necessary, pneumatic ham- 
mers had to be used. However, by considerable trouble and expense a very 
tight job was obtained even with these large rivets. The longitudinal 
joints are triple-riveted butt joints, and the transverse joints double-riveted 
butt joints. The pipe and valves are supported on concrete piers, and all 
the elbows have heavy concrete anchorages. The valves were supplied by 
the Pelton Water Wheel Co. of New York. 

Surge Pipe. 
The surge pipe running up the hill from the end of the header extends 
to 25 ft. above the level of the crest of the dam. This has a very important 
duty to perform to relieve the water hammer when the turbine gates close, 
and to slowly stop the velocity of the water in the tunnel. 

At present, with the 4 units the maximum flow in the tunnel is about 
1 100 sec. ft., and in case of a short circuit at times of full load, all this 
water is suddenly discharged from the spillway and flows down the small 
ravine to the left. 

The spillway shown is only temporary, and when the masonry dam is 
completed the surge pipe will be raised about 100 ft. higher. Also, a large 
tank or standpipe or a concrete reservoir will be constructed connected to 
this. There is also a provision for connecting hydraulically-operated relief 
valves at the lower end of the penstocks. If found necessary, these can be 
installed later, and will help to relieve any water hammer. 

The load on the station is a comparatively large one, and there are no 
sudden changes of any extent except for short circuits due to any line 
troubles which may occur. Such interruptions generally cause the turbine 
to shut down completely, and so speed regulation does not then matter. 
However, the tank to be later added will be a reservoir to supply water 
* for any sudden increase of load which may be expected, until the flow in 
the tunnel has had time to be sufficiently accelerated. 

This feature was carefully studied by Mr. R. D. Johnson, and is 
described by him in a paper read before the American Society of Mechanical 
Engineers. 
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Before going further, the construction plant installed at this point should 
be mentioned, and the chief feature is a 35-ton Lidgerwood Cableway, 
1200-ft. span between towers. The towers are of steel, and a 150 horse- 
power special hoisting engine is required to operate it. This was used for 
bringing all materials across from the Western Pacific B. R. The machinery 
for the power house was all lowered through a hatchway left in the roof of 
the building. 

As at all the other camps, there was but very little room and no level 
ground except what was made by blasting a bench in the hillside. The 
boiler plant for operating the hoists, cableway, etc., was in front of the 
surge pipe. The rock crusher and concrete plant was about 400 ft. up- 
stream from the header pipe with an inclined tramway to the power house. 
A quarry was opened up just to the upstream of the rock crusher. 

The sand bins on the Western Pacific R. R. grade were located so sand 
could be dumped into them from the cars loaded by gravity into large 
skips on the cable, taken across the river to a bin at the tunnel portal and 
through the tunnel to camp 3 mixing plant, or to the mixers above the 
power house in dump cars. 

Island Bar and the headquarters and operators' quarters are about half 
a mile upstream. 

The transformer coils were the heaviest pieces of machinery to handle 
on the cableway, and weighed 35 tons each. If it had not been for the 
cableway an expensive bridge would have been necessary, but that would 
have been much more inconvenient. 

Penstocks. 

The 4 main penstocks are 5 ft. in diameter, and the exciter pipe 2 ft. 
diameter. They are each about 600 ft. long. The pipes are lap-welded 
steel, and were made in Germany by the Actien Gescellschaft Ferrum at 
Kattowitz. The main pipes are made in 5 meter lengths, and vary from 
10 mm. to 17 mm. in thickness. The connections are riveted, and have the 
Ferrum so-called "bump" joints. 

The pipes are supported on concrete piers 30 ft. apart. The two 
vertical elbows are anchored by concrete piers to take the uplift due to 
the water pressure. There is a heavy anchorage at the bottom independent 
of the power house to take all thrust along the pipe so as not to exert any 
strain on the turbine casing. This lap-welded pipe was very satisfactory. 
It is smoother and lighter and, on the whole, more economical than riveted 
steel would have been. 
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Power House. 



In designing the power house the principal object kept in view was to 
have a structure which would withstand without question the great floods. 

The ordinary low-water level is 
El. 457; the flood of February, 
1907, was at El. 496, a rise of 
about 40 ft., and we cannot say 
but what a still higher flood might 
occur. It was considered neces- 
sary to have the electrical appa- 
ratus well above any possible 
high water, so the generator floor 
was located at El. 506, or 10 ft. 
above the high-water mark and 
50 ft. above low-water. This dif- 
ference in level, being too great 
for draft-tubes, necessitated the 
use of vertical shaft units (unless 
the 50 ft. difference in head from 
the generator floor to low-water 
were to be wasted), and also, as 
explained later, required the use 
of reaction turbines instead of, as 
is usual where such a high head 
is involved, the Pelton type of impulse wheels. 

The maximum practical head which can be obtained by draft tubes is 
about 20 ft., so the turbines were placed about 20 ft. above low- water at 
El. 477.5. But, as is seen, this would submerge them about 20 ft. below 
the high- water mark, and to protect them from that the turbines are placed 
in water-tight concrete chambers. The chambers are arched at each end 
to take the water pressure, and the wheels are founded on a large block of 
concrete, making the structure very heavy and certainly capable of resisting 
any possible flood. 

There are heavy arched roofs above the turbine rooms which support 
the thrust bearings. These carry the weight of the revolving parts of the 
units. The thrust bearing rooms are in turn arched over to form the gen- 
erator support. 

The present building is for 4 main units and 2 exciters, but can be 
extended without interfering with the operation of the first part for 4 more- 
main units. 




Fig. 14. — Powbr House and Penstocks 
Power. 
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The exciter turbines being small are of the impulse type, and are located 
on the main floor in the center of the ultimate building. Below these there 
are four chambers in which are located the auxiliary apparatus, oil pumps, 
drain pump, air compressors and a machine shop. 

The rear of the building is supported on concrete piers and arches. 

The Superstructure has a steel frame with reinforced concrete walls and 
roof. It is fire-proof throughout. The generator room in front is the full 
height of the building, and there is a 50-ton motor-operated crane running 
the length of it. 

The rear of the building has two floors. On the main floor behind each 
generator are the transformers, and behind that the high-tension bus-bars. 
On the second floor above the transformers are the low-tension switches and 
bus-bars, and behind these and above the high-tension busses are the high- 
tension switches. All these, are in separate concrete compartments or 
separated by concrete barriers. . 

On the second floor above the exciters is the main switchboard, and just 
below this on the main floor there is an auxiliary switchboard from which 
the auxiliary apparatus, oil pump, compressors, crane and station lighting, 
is controlled and also the motor-operated valves at the top of the penstocks. 

On a mezzanine floor below the main switchboard are locker rooms, 
lavatory, etc. 

Turbines. 

The turbines are interesting on account of their size and the high head 
under which Aey operate. The wheels have a capacity of 20 000 horse- 
power under the ultimate net head of 525 ft., and 15000 horse-power under 
the present net head of 44Q ft., and are as. powerful as any yet built. 

They are single runner, inward flow, Francis type reaction wheels, in a 
cast steel scroll casing and have a speed of 400 R. P. M. The penstocks 
connect directly to this casing, the only valves being at the upper end of the 
penstocks. The turbine-gates and guide-vanes are forged steel wickets. 

All parts were given a hydro-static test in the shop to 400 lbs. per sq. in. 
and they are all designed for a working stress of twice the normal head or 
twice the normal speed. 

A connection is left where an automatic relief valve can be installed to 
prevent water hammer if it becomes necessary. 

The weight of the revolving parts, the runner and field of the generator 
is 145 000 lbs., and is supported by the oil pressure thrust bearing. 

The speed is regulated by a specially designed governor of the double- 
floating lever type, working with 250 lbs. sq. in. oil pressure. The governor 
proper is located beside the generator and it admits oil to the two operat- 
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ing cylinders on the scroll casing to move the wicket-gates. These can also 
be hand operated and in case the oil pressure fails the gates can be closed 
with the water pressure by a connection to the penstock. 

There is a speed limit device, consisting of a fly-ball mechanism at- 
tached to the main shaft, which will admit oil to the operating cylinders 
and close the gates, if the governor should get out of order and allow the 
speed to rise beyond a predetermined amount. This arrangement, however, 
only admits oil to the cylinders slowly, so that the gates cannot be closed 
so rapidly as to produce a dangerous water hammer in the penstock. 

There are two oil pumps, one motor-driven, the other belted to the main 
shaft for each turbine. Each pump is sufficient to operate both the gov- 
ernor and the thrust bearing of its unit. These pumps are inter-connected, 
and connected to an accumulator tank so arranged that the pressure can be 
kept constant. When the governor is not in use the thrust bearing acts 
as a by-pass for the whole system. 

As explained before, reaction turbines had to be used on account of the 
great difference between high and low water levels. Also on account of the 
large power, the characteristics of the reaction turbine are right for good 
efficiency. The specific speed in English units is about 21. All four tur- 
bines have been carefully tested, and show very high efficiencies. By vary- 
ing the speed slightly it was found that the efficiency under the ultimate 
head, 525 ft., for which they were designated, will be 87%, at % load. 
Under the present head the efficiency is from 84 to 85%, showing remark- 
ably good design and construction. 

The turbines were designed and made by the I. P. Morris Co. of Phila- 
delphia. 

Electrical Apparatus. 

The main generators are rated at 10 000 kw. They are 3-phase, 
60 cycle, 11000 volts, 400 R. P. M. machine, with revolving field directly 
connected to the water wheel, and are good for 50% overload. All the 
electrical apparatus was furnished by the General Electric Co. 

The details of the motor were worked out with unusual care to with- 
stand the high peripheral speed and still have the necessary weight and 
flywheel effect required in a water-wheel unit. They were given a double 
speed test at the shop, or 800 R. P. M., which meant a peripheral speed of 
23 000 ft. per min. The design allows a maximum of ventilation without 
adding to the windage losses. 

Their efficiency is 97.5% at full load and they will carry 12 500 kilowatts 
without heating over 40° C. 

The two exciter sets each consist of a 500 horse-power impulse wheel, 
connected to a 250-kw., 250-volt, direct-current generator. 
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The transformers are rated at 10000 kw., 110000 volts delta on 
the high tension side and 11000 volts delta on the low. They are on the 
shell type, oil-insulated and water-cooled. These transformers are the 
largest yet built. The coils are contained in a steel case and it requires 
9 000 gals, of transformer oil for each. 

They are tested at the shop and their efficiency is 98.9% at full load, 
practically a perfect machine. 

The low-tension switches are of the H-type, solenoid oil switches, remote 
controlled from the switchboard. 

This station was about the first designed for the high voltage, 100000 
volts, and all the high-tension apparatus had to be specially developed. 

The high-tension switches are pneumatically operated and electrically 
controlled from the switchboard. The break is made in a cylinder of oil, 
but the contactors are moved by a piston under air-pressure of 80 lbs. per 
sq. in. 

The switchboard is of the standard bench board type on a gallery pro- 
jecting over the generator room. All connections are remote controlled from 
here. 

The lightning arresters are of the aluminum cell type and are located 
on the roof. 

Transmission Lines. 

It is not the object of this paper to describe the transmission lines or 
distributing system of the Company, but for completeness the following 
gives some data regarding them. 

The main line runs from the power house to Oakland, just across the 
bay from San Francisco, a distance of 160 miles. Here there is a terminal 
substation. There are also substations at Brighton, Sacramento and 
Cowell. 

The line is a two-circuit, single steel tower line for 100000 volts. The 
conductors are No. 000 stranded copper cable, supported by suspension in- 
sulators.' Being about the first 100 000- volt line, most of the material was 
especially designed for it. 

The standard towers are of galvanized steel, 75 ft. high, and the stand- 
ard spacing is 750 ft. There is a %-in. steel ground wire running along the 
top for lightning protection. Transpositions were made about once every 
3y 2 miles. 

Various types of insulators were used : Lock and Thomas suspension 
and strain type and General Electric strain type. 

The location of the line presented some difficulties and in order to shorten 
the distance from Sacramento to Oakland, the portion from Sacramento to 
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Fig. 17, — Exterior View op Power House. 




Fig. 18. — Interior View of Power House; Generator Room. 
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Antioob runs through very, low and *wampy -land. Of this, the portion 
shown is all of special construction "With long spans and high towers "sup 1 
ported on concrete and pile foundations. One span in particular across th$ 
San Joaquin River is very long, nearly 3000 ft^ The towers are nearly 300 
ft. high, supported on concrete "piers on piles and the conductors are coppet 
clad steel cables stretched by counterweights. t . 

In the terminal station at Oakland there are two 10 000-kw., three* 
phase, transformers, stepping down the voltage to 11000, and 3 5 000- 
kw., three-phase transformers stepping down to 55000 volts. 

The Company have also an auxiliary steam station on the water front 
connected with this substation. It has now 10000 kw. installed, 3 3 500 kw. 
horizontal Curtis' steam turbo-generators. The station is built large enough 
for one more unit, and is arranged so it can be doubled in size. 

The generators are three-phase, 11000 volts, 60 cycles. They feed di- 
rectly into the outgoing lines. The oil switches are remote controlled from 
a standard bench board. 

The turbines run at 1 200 R. P. M. They are five-stage, and are the lar- 
gest horizontal shaft Curtis turbines yet built. 

There are six B. & W. oil-burning boilers with 6 000 sq. ft. heating sur- 
face each. The operating steam pressure is 210 lbs. sq. in. with 110° F. of 
superheat. 

The efficiency shown by the test for full load at 205 lbs. pressure, 110 a 
F. superheat and 28 ins. vacuum, was 14.9 lbs. water evaporated per kw. 
hour. The guarantee was 15 lbs. It required 24 500 B. t. u. per kw. hour, 
or 18 400 B. t. u. per horse-power hour. This corresponds to a thermal 
efficiency of 14.03%. 

Oil being the only cheap fuel in San Francisco, it is relied upon entirely. 

This steam station is merely a reserve plant and is at present but little 
used. It is intended for use only in case of accident to the hydraulic plant 
or transmission lines or to help out on high peak loads or in case of low 
water at Big Bend. 

Mr. Edwin Hawley is president of the Company* ; Mr. H. P. Wilson, sec- 
retary, and Mr. H. W. Sinclair, general manager. Viele. Blackwell and 
Buck are consulting engineers for the Company and carried on all the work 
except the construction of the masonry dam, which was done by the Com- 
pany itself after the plant had started operating. Mr. M. A. Viele had im- 
mediate charge of the whole construction, and the writer was resident 
engineer at Big Bend. 

DISCUSSION. 

Mr. Ennis. — There seems to have been nothing spared to obtain the best 
efficiency in the auxiliary steam plant. Is it expected to run this plant 

♦Died since writing of this paper. 
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for any large portion of the hours in a year, so as to make the extra 
expense in obtaining this high efficiency worth while? 

Mr. Rust. — We do not expect that the plant will be operated very 
much, especially at first, as the load is not yet great enough to make it 
necessary ; but later on it may be necessary to help carry the peak load 
with steam. In any case, the extra cost of the more efficient apparatus is 
comparatively small, and is likely to be more reliable. It was considered 
well worth while to have everything constructed according to the best 
practice. * 

Mr. Donnelly. — Regarding the lap-welded pipe for the penstock, I 
understand it was brought from Germany. Was it cheaper to do that and 
pay the duty than to buy it in this country? 

Mr. Rust. — We had to pay 35% duty, but we consider we saved money. 
Lap-welded pipe of this size is not yet made in the United States, and can 
only be obtained in Germany. 

On account of the fact that the weld develops nearly the full strength 
of the plates and there are no riveted joints with their lack of efficiency the 
pipe could be made thinner. Also, as the pipe is smooth on the inside, the 
hydraulic conditions are better, and a somewhat smaller diameter pipe could 
be used. In this way a considerable weight of steel could be saved though 
the price per pound for the lap-welded pipe was higher. The lap-welded 
pipe is also easier to erect. In all we estimate we saved about 15% by 
using the German pipe. 

Mr. Van Norden. — I would like to ask if the buildings are all of re- 
inforced concrete? 

Mr. Rust. — Most of them have a steel frame with reinforced concrete 
walls. 

Mr. Strachan. — Have you any figures of the cost of tunneling through 
the hard rock? 

Mr. Rust. — I am sorry that I have none available. However, I might 
say that one of the contractors doing some work for the Western Pacific 
R. R. just across the river told me personally that he had taken some tunnel 
work in this same hard rock at a rather low price, and that before he got 
through one tunnel had actually cost him $17 per yard. 

This is the most expensive work I have heard of in the district, but it 
serves as an example to show how expensive work in that part of the 
country really is. However, our excavation in hard rock did not cost us 
nearly so much as that. 

Mr. Wilson. — Is this power used to operate the Street Railways in San 
Francisco? 

Mr. Rust. — Not in San Francisco, because the United Railways Co. 
now has its own water power plant on the Stanislaus River. 

Mr. Wilson. — To supply power in the city, your transmission line would 
have to go around the Bay, would it not? 

Mr. Rust. — We could either go around the Bay, which is quite a long 
distance or cross under it by submarine cables. 

Mr. Wilson. — What is the highest voltage which could be used in such 
cables? 

Mr. Rust. — We proposed to use 20 000 volts. 
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Mr. Donnelly. — I would like to ask how a plant consisting of such 
a variety of work : tunneling, hydraulic and electrical engineering of so many 
different kinds, was handled by one firm of engineers? 

Mr. Rust. — The construction and actual design was all in charge of 
the one firm, but they have made a specialty of such hydro-electric work, 
and, of course, have an organization of men who are expert in the different 
kinds of work comprised in such a plant. I might say, however, that 
Sargent & Dundy, of Chicago, were consulted regarding the design and 
construction of the steam installation in the auxiliary station. Also, as 
mentioned, the water supply, &c, was first studied by outside experts. 

Mr. Wreaks. — Was there any trouble with the transmission line? 

Mr. Rust. — Yes. Just after we started the first unit, there was a very 
bad storm, accompanied by the worst flood recorded in the Sacramento Val- 
ley. All the country from Sacramento to San Joaquin River crossing was 
overflowed. There was a very high wind at the time and about 11 miles 
of the tower line, which had not been made especially strong by special 
towers and concrete foundations as was that part of the line through low 
and swampy ground, collapsed. The water loosened the foundations, allow- 
ing them to yield slightly. This produced greater strains in the tower legs 
than they could stand. 

Mr. Blunt. — Regarding the intake dam ; how is it proposed to raise it 
to its final height? What provision has been made in the present dam so it 
can be raised? 

Mr. Rust. — No special provision has been made. The high dam will be 
of the same type as the present one, only very much wider on the base. The 
present dam is about 40 ft. high above water level, and the high dam will be 
130 ft. Steps will have to be cut in the downstream face of the present dam 
and holes drilled and steel rods put in to bond the old and new work 
together. 

Mr. Jennings. — Regarding the collapse of some of the transmission line 
towers ; I wish to ask whether the fault was in the foundations or in the 
tower itself? If the tower had been heavier would the same accident have 
happened ? 

Mr. Rust. — These foundations were not concreted. The corner angle 
or stub had a bearing plate on the end, and was buried in the ground about 
6 ft. This work was done in the dry season, and the back filling had not 
had time to become hard and compact around the stub, so that with an 
upward or side pressure there was not much to prevent the stub pulling out 
or being shoved sideways. The bottom bracing was at a very acute angle 
with the leg of the tower, and a slight movement sideways of the stub caused 
very severe secondary stresses in the leg and bracing. I think that if the 
stubs and bottom bracing and tower legs had been made heavier the accident 
would not have happened. 

Mr. Blunt. — The tower was of y 8 -in. material put together by bolts? 

Mr. Rust. — Yes ; most of the material was y 8 in. thick. 

Mr. Jennings. — Was not the fall in line stopped by one of the standard 
towers? 

Mr. Rust. — Yes. At one end of that part of the line which collapsed 
there was a standard tower with concrete foundations which stopped the 
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fall in that direction, so that I think the accident can be blamed on the 
foundations to some extent, and that if all the stubs had been concreted it 
might not have happened; but this would have been more expensive than 
making the towers heavier. 

The same towers have been used in New York State, where climatic con- 
ditions are worse, the only difference being that the towers are closer 
together. 

Mr. Blunt. — How long is this line? 

Mr. Rust.— It is about 160 miles. 

Mr. Fast. — I would like to ask two questions. First, regarding the 
gate valves. Why would it not have been better to use hydraulically-operated 
valves instead of the motor-operated valves? In this way it would be 
possible to do away with the expensive gearing, motor, &c. 

Second, regarding the thrust bearings of the main units, what type of 
bearing are they? 

Mr. Rust. — No doubt hydraulically-operated valves have been satisfac- 
tory in many cases, but for the initial installation the pressure in the header 
pipe available to operate such valves is about 40 lbs. per sq. in., and finally 
it will be 87 lbs. per sq. in., so such valves would have had to be arranged 
to work with either pressure. Besides, we considered the motor-operated 
valves cheaper, and easier to control from the power house. Control from 
the power house was important, as this meant a saving in operation of the 
wages of an attendant from each shift. 

Of course, it was cheaper to locate the valves at the upper end of the 
pipe line than at the power house, as in the former case the working pres- 
sure is only 87 lbs. per sq. in., while in the latter case it would have been 
225 lbs. per sq. in., a very high pressure for valves of this size. 

Regarding the thrust bearings, these are of the oil-pressure type. That 
is, the weight of the revolving parts of the unit is supported by oil pressure 
acting between two disks, one stationary, the other attached to the main 
shaft. 

Mr. Fast. — I would like to ask if any particulars regarding the design 
of the turbines, the angles of the vanes and buckets, &c., are available? 

Mr. Rust. — The wheels run at 400 revolutions per minute. The specific 
speed in English units is about 21. I am sorry the other features regarding 
the design are not available. They could only be obtained from the 
manufacturer. 

Mr. Donnelly. — What is the prospect of the use of any considerable 
amount of current by the railroads, especially on the main line passing over 
the mountains? I presume you could supply them with such power as they 
required. 

Mr. Rust. — There seems to be some prospect of this. I understand the 
Southern Pacific intend to electrify their suburban lines around San Fran- 
cisco, and that they have had estimates made of the cost of electrifying the 
main line across the mountains. We could supply them with power by 
extending the power house and installing additional units. 
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THE PAVEMENT REPAIR PROBLEM OF THE 
BOROUGH OF MANHATTAN. 



By Daniel B. Goodskll, Mem. B. E. C. 
Presented Febbuaky 9, 1911. 



Before presenting to you some aspects of the Pavement Problem in the 
Borough of Manhattan, a brief resume" of the machinery of administration 
by which the work is accomplished may not be out of place, as indicating 
that the work of maintaining the pavements is due, in a measure, to it. The 
departmental routine is slow and cumbersome, but contains effective checks 
on dishonesty and graft. For instance, in order to effect the laying of a 
pavement in an unpaved street, it is necessary for property owners to peti- 
tion the Board of Local Improvements of the district in which it lies, for 
that Board to approve it and notify the Board of Estimate of that fact, 
which Board thereupon authorizes the President of the Borough to contract 
for the work. An estimate and plan is then made by the Chief Engineer, 
the contract is advertised in the official and local press for ten days, the 
bids canvassed and contract awarded to the lowest bidder. It must then" be 
registered by the Comptroller and duly executed by the City and contractor, 
if the sureties be approved by the Comptroller. 

If the contract be a small one, say, of $1 000.00 or more, it may readily 
be seen that the cost of clerical hire and engineering supervision will be a 
high per cent, of the contract cost, for up to this point high-salaried offi- 
cials have had to do with it almost exclusively. This is what the City pays 
to ward off graft. 

The time taken between the initial step of the Board of Local Improve- 
ments and the awarding of the contract, providing funds are available, is, 
for highway improvements, two months. 

For the repavement of the City's streets, a fixed sum is apportioned each 
year to the Borough, and the President is authorized to make contracts up 
1 o this amount. Such procedure is as follows : The Chief Engineer of High- 
ways is requested to furnish a list of those streets recommended to be 
paved, for the approval of the Borough President, who then directs that 
contracts forms be made and the contract advertised. Plans and estimates 
are made, the contract forms sent to the Law Department for approval, the 
work advertised and let as for the new work. The usual length of time 
taken for this process is about two months, and should the contract develop 
any irregularity — and they sometimes do— the procedure and wait must be 
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again endured by the engineer in charge of the work to be done. An ex- 
perience of many years leads me to believe that there is no way of accel- 
erating this tedious process — that the wheels of city government grind slowly 
and not too surely. 

The Chief Engineer is governed in his selection of the streets to be paved 
and in his selection of the character of the material to be used, by the amount 
and kind of the vehicular traffic; by the character of the street, whether 
residential or otherwise; by petitions of civic associations and property 
owners, and by the cost of maintenance, if the pavement be asphalt With 
the exception of the latter information, none of these are, however, pre- 
sented in an exact manner, and I wish to emphasize the great and growing 
importance of traffic observation in our congested cities, for the purpose of 
making the pavement fit it. Too much haphazard guessing is done in this 
important matter, and the criticism has recently been made that we have, in 
Manhattan, our business streets paved with residential pavement, and the 
residential streets paved with a business street pavement. It needs only to 
be pointed out that, had systematic traffic censuses been taken to ascertain 
the rate of increase in the vehicular traffic, a different kind of pavement 
would have been laid had sufficient emphasis been given to this most import- 
ant factor in determining the kind of pavement to be laid and the manner 
of constructing it. I say "most important," and believe it so, because of 
the constantly lessening importance of noise on account. of the high build- 
ings and from the fact that any well-constructed pavement is not now an 
offensive noise producer. It is again recognized when the economic side is 
considered. Why lay asphalt 2% ins. thick, when 1% ins. will last, say, 
ten years under a given traffic? Why lay 6 ins. of concrete when four would 
do, say, on our residential streets, where the traffic is found to be light, 
with a slow rate of increase? 

The problem is perfectly simple. Due weight must, however, be given 
in deciding the kind of pavement to the presence of hospitals, public schools 
and those buildings of a quasi-public nature, but the main factor has been 
indicated. I have endeavored to obtain statistics as to street traffic in the 
Borough of Manhattan, and find that two censuses have been taken, one by 
General F. V. Greene, of which an account is given in the transactions of 
the American Society of Civil Engineers, Volume 15, page 123, 1885, "An 
Account of Some Observations of Street Traffic" ; and one by Clifford 
Richardson, an account of which is given in the transactions of the Amer- 
ican Society of Civil Engineers, Volume 57, page 181, 1906, "Street Traffic 
in New York City," and Major Howard, Engineering News, Nov. 7, 1907. 
General Greene gives the average tonnage of vehicles in 1885, at Fifth 
Avenue opposite the Worth Monument, as 0.68 tons; this was exclusive of 
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the weight of the horses. In 1904 this average had reached 1.64 tons, ac- 
cording to Clifford Richardson's census, and today is no doubt much higher, 
as is the total tonnage and number of vehicles. What this traffic is today, 
would make an interesting comparison with the two censuses mentioned. 

The system of modern improved pavements in the Borough of Manhat- 
tan was instituted in 1890, and the maintenance periods of the contracts 
have expired, placing the burden of repair work on the City. Cost accounts 
have been kept, and since 1905 the cost has decreased, owing to care- 
ful supervision and elimination of the high cost streets by repavement, from 
34 cents per sq. yd. per year to less than 12 cents. For the last two years 
accurate records of the amount of pavement laid in each street, with the 
date, have been kept and a careful comparison made to determine those 
streets where the cost of maintenance runs over about 25 cents per sq. yd. 
per year, and where this cost is likely to continue. In 1910 the area of 
those streets where the cost was more than 50 cents per sq. yd. per year 
was 24 786 sq. yds. The amount of traffic which these streets sustain, 
bears an important relation to the cost, and repavement of them should be 
considered in connection with it. The elimination of the high cost streets 
from repair contracts of the Borough of Manhattan, has been a large fac- 
tor in producing a remarkable decrease in the cost of maintaining the 
streets where the guarantee has expired, to which allusion has been made. 
Yardage of this kind of pavement has increased since 1906 from 1 013 000 
sq. yds. to 2 460089 sq. yds., and the cost of maintenance, as previously 
stated, has decreased from 34 cents to 12 cents. 

Repair Work. 

The area of sheet asphalt pavements maintained by the Borough in 1910, 
was 2 460 089 sq. yds., the entire amount of asphalt pavement in the city, 
both under and out of guarantee, being 5 230484 sq. yds. This area is 
maintained by four principal companies, which operate in the city under 
contracts with it to the number of about 800. The companies referred to 
are the Barber Asphalt Paving Company, the Sicilian Asphalt Paving Com- 
pany, Uvalde Asphalt Paving Company and the Asphalt Construction Com- 
pany. The Barber Company has 3 plants, the Sicilian Company 
1 plant, Uvalde Asphalt Company 3 plants (one of which is not 
operated), and the Asphalt Construction Company 1 plant. Seven of 
these plants laid, during the year 1910, about 1 250 000 sq. yds. of pavement 
in new and repair work. The Barber Asphalt Company has under guaran- 
tee about 1 500 000 sq. yds., considerably more than the other companies, 
and the bulk of work is, in consequence, done by it, most of the material 
coming from its plant in Jersey City. This company has plants on the 
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Harlem River, in the Borough of the Bronx, at the foot of 151st Street; at 
Varick and Stagg Streets, Brooklyn, and in Jersey City at the foot of 
Henderson Street. The plant in Jersey City is located on the water front, 
about 1*4 miles from the ferry, and the asphalt, broken stone, sand and 
other materials are supplied by lighter. The asphalt is refined at Maurer, 
N. J., about seventeen miles from Jersey City, and is sent from there in 
barrels by lighter to the plants. The sand is obtained from Perth Amboy 
and other places, and the broken stone from Nyack, N. Y. The plant con- 
tains the following machinery: 

1 120 horse-power boiler, 

1 100 horse-power engine, 

1 Revolving sand screen, 

1 Revolving stone screen, 

2 sand drums, 

2 Stone drums, 

4 Asphalt melting tanks, 16000 lbs. capacity each, 
4 Dipping tanks, 

Oil tanks of 27000 gals, capacity, 
1 Binder mixer, 16 cu. ft. capacity, 
1 Asphalt mixer, 16 cu. ft. capacity. 

About 1 200 cu. yds. each of sand and stone may be stored in bins, and the 
yard has ample area for additional storage for coal, wood, stone dust and 
street equipment and contains machine shop for plant repairs — an important 
adjunct. The force engaged in running the plant is as follows : 

1 Day engineer, 

1 Day foreman, 

1 Night foreman, 

1 Machinist and general mechanic, 

1 Office clerk, recording materials used, 

1 Hoisting engineer (for materials brought in by boat), 

3 Machinists, 

1 Night watchman, 
1 Yard foreman, 
3 Coal passers, 
1 Tally clerk, 
1 Day watchman, 
42 Laborers, 
a total of 58 men. 

The maximum capacity of this plant per day of eight hours is 500 boxes 
of top, each of 9 cu. ft. ; or 900 boxes of binder, each of 9 cu. ft., or between 
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7 and 8 loads per hour of 5 boxes of 16 cu. ft. The plant is in operation 
nearly the whole year and often to its full capacity. The work starts at 5 
*A. M., and stops at 4 P. M. The cost of operating to its full capacity, exclu- 
sive of fixed charges and cost of material, is said to be about $800.00 a 
week. This plant delivers asphalt pavement material to that part of the 
bbrough between the Battery and 59th St., the duration of the longest 
haul being about three hours; this, of course, include the ferry trip. The 
material is delivered in bottom dumping trucks, horse-drawn, and supplied 
by sub-contractor. 

The street equipment of this company for laying the pavement, consists 
of gangs of 23 men, made up as follows: 

2 Rakers, 

2 Smoothers, 

1 Roller engineer, 

1 Night watchman, 

1 Foreman, 

2 Tampers, 

1 Roller attendant, 
1 Day watchman, 
11 Laborers, 
1 Timekeeper. 

The work of the gang is^divided into two parts, that of cutting out, or 
preparatory work, and of laying. By this system the work of laying the 
material quickly follows that of cutting out, and, if bad weather occurs, the 
work may be stopped, leaving no holes unfilled. The company maintains a 
storage yard at No. 640 West 39th St., for its street equipment, and a 
machine shop in Long Island City, foot of 6th St., where the extensive re- 
pairs to street equipment are made. The plants located in the Bronx and 
Brooklyn Boroughs are somewhat better arranged and more modern than 
the Jersey City plant, and are of about the same capacity, and supply, 
when all the plants are working, that part of the Borough north of 59th 
St. (Bronx plant), and south of 59th St., east of Broadway (Brooklyn 
plant.) These 3 plants have supplied material for laying 7100 sq. yds. 
of pavement in repairs in 1 day. The Bronx plant refines its own asphalt 
and supplies paving material to the Bronx, Mt. Vernon and adjacent dis- 
tricts, as far north as New Rochelle. It differs from the Jersey City plant 
in these particulars: Refines its own asphalt (4 refining tanks), and uses 
both Trinidad and Bermudez asphalt. It has 1 binder mixer of 9 cu. ft. 
capacity, and 1 top mixer of 16 cu. ft. Its maximum output is about 500 
boxes of top per day of 8 hours, each box being 9 cu. ft., or about 8 loads per 
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hour of 81 cu. ft. are delivered. The yard has area for the storage, in bins, 

of 700 cu. yds. of stone, 1 400 cu. yds. of sand, and 350 tons of coal. There 

are 2 oil storage tanks, which contain 16 000 gals. each. The force employed 
is as follows : 

2 Engineers @ $5 00 per day. 

2 Foremen @ 5 00 " " 

1 Blacksmith @ 400 " " 

1 Blacksmith helper @ 3 00 " 

1 Carpenter * @ 3 50 " 

1 Yard clerk @ 300 " " 

1 Hoisting engineer @ 3 50 " " 

1 Day watchman @ 1 75 " " 

1 Night watchman j@ 1 75 " " 

32 Laborers @ 1 75 " " 

2 Yard foreman @ 5 00 " " 

Total 45 men. 

The plant is not often run to its full capacity. It is headquarters for the 
company's asphalt block paving work, and materials and tools connected with 
this work are stored here. Tne Williamsburg plant is situated at Varick 
and Stagg Sts., at the head of Newtown Creek, Borough of Queens ; it has 
the usual outfit of Corliss engine, 80 horse-power, 4 sand drums, 16 ft. x 30 
ins., revolving stone and sand screens, 6 melting tanks, 15 000 lbs. capacity, 
oil tanks 35 000 gals, capacity. The top mixer is of 15 cu. ft. and the binder 
9 cu. ft. capacity, and the maximum output of paving material is about 320 
boxes of top or 640 boxes of binder, working 8 hours, or 10 loads of binder 
of 9 boxes each, 9 cu. ft. ; or 9 loads of top each of 5 boxes of 15 cu. ft. 
There is storage for about 1 700 cu. yds. of stone and 1 200 of sand, and the 
yard contains the usual sheds for cement and stone dust and the machine 
shop. The refined asphalt is sent here from Maurer, N. J., and no refining 
is done. The force is as follows : 

2 Engineers, night and day @ $500 per day. 

2 Firemen, night and day @ 3 50 " " 

2 Watchmen @ 200 " 

1 Fireman for tanks @ 300 " 

2 Oilers @ 225 " " 

1 Coal passer @ 2 50 " " 

1 Hoisting engineer @ 5 00 " ** 

2 Yard foremen @ 500 " " 

2 Clerks @ 3 00 " " 

42 Laborers @ 1 75 " " 

Total 57 men. 

. • . . . * ■ i 
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The Jersey City plant and Bronx plant have drums for heating old 
asphalt removed from the street. It is fed to a crusher and elevated to the 
top of the drum, which stands on end and is steam jacketed. The material is 
removed from the bottom of the drum and placed in a mixer, where asphalt 
cement is added, and the material used, where permitted, as a binder course. 
The repair work of this company is in charge of a superintendent who directs 
the locations of the gangs daily, after consultation with the City's Engineer, 
and he obtains his material from the three plants, as indicated, and as the 
necessity of the work requires. The foremen of the gangs report daily to 
him the material used and square yards of pavement laid; the latter being 
classified into pay work and the company's maintenance work on its streets 
under guarantee. The Barber Asphalt Paving Company has available for 
immediate use, 

22 Rollers of 5 tons weight, 
4 " " 3 " " 

■t ti it o n a 

The plants of the Uvalde Asphalt Paving Company are situated at the 
foot of Greene St., Jersey City; at Grand and Varick Sts., Brooklyn, and 
at 157th St. and Harlem River, Manhattan. The latter plant has not been 
operated in some time, but is in good repair and could be at short notice. 
These plants are nearly uniform in design and are all kept in excellent re- 
pair. They turn out about 200 boxes of material in 8 hours, each box being 
16 cu. ft. It is delivered almost exclusively in end dumping carts, which 
have been especially designed for the work. The roller outfit consists of 10 
of 5 tons, and 1 of 10 tons. The street equipment and manner of working 
it is the same as that described for the Sicilian Asphalt Paving Company. 

The Jersey City plant is housed in a building which has a steel frame- 
work covered with galvanized iron, and the entire plant is under cover, with 
the exception of the storage area for the sand, stone and asphalt There 
are 4 sand and 2 stone drums, 95 horse-power Corliss engine, 150 horse- 
power boiler, top mixer 16 cu. ft., and binder same ; oil tanks, 30 000 gals. The 
company has at its disposal about 45 trucks ; 1 fireman, 1 engineer, 1 ma- 
chinist, 1 foreman, 1 clerk and 30 laborers employed, make up a force of 
35 men. Asphalt is refined and is agitated by air and dipped by hand. The 
dust collecting apparatus is complete and effective. The company claims to 
have laid 3 750 yds. of pavement, including binder, in 1 day. Bight loads of 
top and 10 loads of binder, is maximum output, or 80 to 100 loads per day. 

The plants of the Barber Asphalt Paving Company and the Uvalde As- 
phalt Company, which are located in Williamsburg, on Newtown Creek, are 
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accessible by the Williamsburg Bridge, which places them within easy reach 
of the lower district in Manhattan. 

The plant of the Sicilian Asphalt Paving Company is located on the 
north side of 54th St., near 12th Ave., at the water front. It is about 15 
years old, is built of steel and is carefully and systematically arranged to 
occupy a small ground space. An upright engine drives 2 sand drums, 2 
stone drums, elevator and machinery for making roofing material. Refining 
is done here and crude asphalt is brought in carts up an incline to the level 
of the stills. There are 2 mixers of 16 cu. ft. capacity each, 65 loads per 
day of 4 boxes ; 16 cu. ft. each is about the maximum capacity. This, how- 
ever, when end dumping wagons are used. If bottom dumping wagons be 
used, the output is increased as these take 5 boxes of 16 cu. ft. The com- 
pany claims that it can lay 2 500 sq. yds. of finished asphalt pavement a day, 
using its maximum output. It confines its operations to that part of the 
city below 100th St., and is not troubled by long hauls, that to Maiden Lane 
being its longest and the duration of it about two hours. The carts used 
» re of the end dumping variety largely, only about one-third being of the 
bottom dumping style and these are used on new work. The composition of 
the street force is about the same as that described as being used by the Bar- 
ber Asphalt Company, but the cutting out of the pavement is followed by the 
laying and they do not proceed simultaneously as with the beforementioned 
company. Its roller outfit, available for immediate use, is 

2 2y 2 -ton Rollers, 

5 5" 

1 13 " 
They are of the tandem "Pioneer" type. Blacksmithing and light repairs 
are done at this plant. 

The plant of the Asphalt Construction Company is located at 137th St. 
and Harlem River, and is a modern plant in every particular. It has 2 
large sand drums, sizes 21 ft. x 48 ins., 4 melting tanks, oil tanks of 27000 
gals, capacity, and its mixers are 2 in number, the top having 16 cu. ft. 
capacity and the binder 13 cu. ft. capacity. There is storage in the yard for 
700 cu. yds. of stone and 700 cu. yds. of sand. Owing to this small storage 
capacity, in the busy time it is necessary that boats should always be at the 
dock in the course of unloading. The company uses Bermudez and Cali- 
fornia asphalt. The plant is run by a 125 horse-power Corliss engine, 
steam for which is supplied by a 150 horse-power boiler. The dust collecting 
apparatus is a feature of this plant and makes it cleanly and convenient 
and agreeable to work in. The roller outfit, available for immediate use, is 

1 3-ton Roller, 

17" " 

1 11 " 
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The maximum output of pavement material is about 88 loads of 5 boxes, 
each of 16 cu. ft. per day, or 144 boxes of top, each of 14 cu. ft, and 244 
boxes of binder, each of 13 cu. ft. The estimated cost of running the plant, 
exclusive of pavement material used, is stated to be $85 00 per day. 

The Borough organization for the recording of pavement defects consists 
of a division of the city into six districts, each in charge of a Chief In- 
spector, under whom are four to six division inspectors who patrol the streets 
and record all holes, openings or other defects in the asphalt pavement. As- 
phalt contractors are sent copies of these records and are directed to do the 
work indicated. Should they fail, special reports are made to the Assistant 
Engineer in charge, who initiates steps to carry out the work as provided by 
the contracts. 

Difficulties in carrying out the work in accordance with the contract pro- 
visions, which require a continuous maintenance of the pavement in good 
repair, are the large number of street openings and the consequent confu- 
sion as to ownership and respbnsibility for pavement damage, interference 
with the repair work due to congested traffic conditions making it slow and 
requiring it to be done over, and the sudden accumulation of work due to 
unfavorable weather conditions. During the Winter, when snow and ice and 
low temperature prevail, rollers are difficult to move and slide easily on the 
slippery pavements, nor can they be stored, except temporarily, on the 
streets, because of frequent objections of property owners. Materials are 
difficult to move from plant to street ; ferries are delayed, and sand and stone 
at plant are wet or frozen. Less work is gotten from the men and tools 
are apt to be too hot. The holes are likely to be filled with snow and mud, 
even though the adjacent pavement be dry, and in addition there is the un- 
certainty of the weather conditions. During the suspension of repairs the 
traffic continues and is highly destructive in the wet and cold periods, and 
results in pavement conditions of which loud complaint is made by the public. 
The table of repairs made to those streets out of guarantee shows how few 
working days there were in the Winter months, and that a normal condition 
of the pavements did not ensue till May. 

In conclusion I would point out the following solution of some of the dif- 
ficulties in obtaining good asphalt pavements. A number of central repair 
stations, say 12, to be established at convenient points, so that materials 
could be obtained without the necessity for long hauls and for the storage 
of rollers. These stations could be used for all kinds of light repairs. The 
establishment of, say, three asphalt plants on Manhattan Island, at con- 
venient points, the city to furnish the asphalt, sand, stone, dust and other 
materials connected with the making of the pavement material, and contract 
for the labor of laying it. The material and manner of putting it together 
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should be given careful inspection at the plant and not on the street. End 
dumping carts to be used exclusively on the repair work and where combina- 
tion loads of asphalt and binder are sent to the street, these materials to be 
separated by heavy canvas. Due importance should be given in the specifi- 
cations and inspection, to the quality of the sand used, to insure its uniform- 
ity and conformity in the repair work to the pavement already on the street. 
On our narrow streets, congested with travel, repairs should be made at night 
with the use of artificial light. Traffic censuses at regular intervals should 
be taken and a change of character of the pavement made, should a more 
durable and cheaper material than asphalt be found, and to ensure an as- 
phalt mixture suited to the conditions. That asphalt is the pavement above 
all others today, there can be no question. That, with the improved methods 
of construction and a systematic method of repair, it will be the pavement 
of the future — because 'the materials are easily obtained — is the firm convic- 
tion of the speaker. That the permanent economical solution of keeping the 
pavements of all kinds in good repair, under the very heavy traffic of the 
Borough of Manhattan, is to be obtained by revising the present system of 
working the repairs in preference to looking for a more durable material 
(which would necessarily be more slippery), for the street surface, is the 
opinion of the speaker. 

February 9, 1911. 
Statement of the Approximate Capacities of the Different Asphalt 
Plants Operating in Manhattan Borough, City of New York. 

Barber Asphalt Paving Company, 

Sq. Yds.Pave- 
ment per day. 

Jersey City 4 500 cu. ft. 

Bronx 4500 " " 

Williamsburg 4 800 " " 

Total 13800 " " 7 500 

Sicilian Asphalt Paving Company. 
54th St. and 12th Ave 4 160 cu. ft. 2 500 

Uvalde Asphalt Paving Company, 

Jersey City 3 200 cu. ft. 

Williamsburg 3 200 " " 

Harlem 3 200 " " 

Total 9 400 " " 7 250 
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Asphalt Construction Company. 
Madison Ave. and 137th St 5000 cu. ft. 2 500 



Total output 19 750 

January 25, 1911. 
CITY OF NEW YORK, 

Borough of Manhattan, 
Bureau of Licenses. 

Number of licenses issued for vehicles, 1910: 
3 446 Horses and wagons (Pedlers) 
3 588 Push carts " 

2 990 Express wagons 
11 763 Public trucks 
843 Dirt carts 
1 997 Junk carts 
1605 Special funeral coaches 
1037 Hacks (seat three or over) 
273 Special cabs (seat two) 
568 Hack cabs 
60 Stage coaches 



Total, 28170 

It is probable that there are 100000 or more vehicles on the streets of 
the borough. This table does not include automobiles. 

February 1, 1911. 
CITY OF NEW YORK, 
Borough of Manhattan. 

Area of Sheet Asphalt Pavement out of Guarantee and Entire 
Area of Asphalt Paved Streets. 

Out of Guarantee Entire Area 

Year Sq. Yds. Sq. Yds. 

1906 1073000 5004329.8 

1907 1001892 5038258.8 

1908 1747950 5121619.0 

1909 2168010 5229023.0 

1910 2460089 5230484.0 
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February 1, 1911* 
CITY OF NEW YORK, 

Borough of Manhattan. 

Table showing working days in each month during 1910, the average 
number of gangs per day and the amount of pavement laid on those streets 
out of guarantee. 

Working Gangs Amount of Pavement 

Month. Days. Per Day. Laid, Sq. Yds. 

January 12 10 

February 16 20 20600 

March 24 29 63463 

April 22 24 46 294 

May 21 23 15 796 

June 24 21 20 788 

July 25 16 16 487 

August 25 20 33039 

September 24 18 26 903 

October 25 16 23 060 

November 23 23 48000 

December 13 15 5 613 

Total 254 320 043 

January 1, 1911. 

CITY OF NEW YORK, 

Borough of Manhattan. 

Mileage and Yardage of Paved Streets. 

Miles. Sq. Yds. 

Sheet asphalt 260.59 5230484 

Asphalt blocks 52.99 1279 310 

Granite blocks 86.98 1925 550 

Wooden blocks 14.30 307 536 

♦Old stone 22.11 424 301 

Macadam 4.63 112 712 

Total 441.60 9 279 893 

♦Includes Belgian block, trap rock and cobble. 
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Approximate Amount of Sheet Asphalt Pavement Laid in the Borough ol 
Manhattan in 1910. 

Sq. Yds. 

Barber Asphalt Paving Company 988 000 

Asphalt Construction Company 78 000 

Sicilian Asphalt Paving Company 125 000 

Uvalde Asphalt Company 75000 

Total 1 266000 

This is equivalent to 74.4 miles of street, thirty feet wide. 

10.4 miles of new streets were laid, leaving 60 miles of street, 30 foot 

wide, equivalent to the repairs. 

The above information was obtained from the asphalt companies, and i* 

an approximate estimate. 

DISCUSSION. 

Mr. Parfitt. — I would like to ask if asphalt blocks were not more- 
approved for suburban streets than sheet asphalt, especially so as repairing 
would not be as expensive. 

Mr. Goodsell. — I quite agree with you that asphalt blocks are suited to- 
suburban streets. Of course, they do not require any special plant, and 
can be laid by ordinary labor which may be obtained anywhere, and so thfr 
work can be done quite economically. There is to be considered the original 
cost as well as the cost of laying. You lay with the blocks a wearing surface 
that is 3 in. thick, and you can make asphalt wearing surface 1 in. or 1% in.. 
That is a considerable economy. 

Mr. Parfitt. — The suburban streets are being continually repaired,, 
taken up for purposes of improvements, water mains, sewer connections, etc. 

Mr. Goodsell. — That is quite true of the pavements in Manhattan also. 

Mr. Parfitt. — Have you had any thought in the matter of cheaper 
method of laying street pavement in suburbs where there is little traffic? 
Would the suggestion to reduce the width of the roadbed be considered? 

Mr. Goodsell. — I should say that could be easily done. Macadam pave- 
ments throughout the State and throughout Massachusetts are not laid full 
width of the street. They have taken some standard width, usually 16 ft., 
which is just about enough to allow two wagons to pass. 

Mr. Parfitt. — Do you think that if a certain movement were started 
that it would meet with favor with the city officials? A. I certainly do. 

Mr. Parfitt. — I would refer that to the Committee of Congestion as to- 
cheapening the method of street making in suburbs. People go out and 
build, and are promised streets at a small expense. 

Mr. Goodsell. — Some form of asphalt macadam which has been studied 
a great deal seems to meet the situation there. 

Mr. Parfitt. — How much cheaper? 

Mr. Goodsell. — I could not say, but very probably cheaper; possibly- 
2/3 cheaper. 
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Mr. Somner. — Is it not true that the city effects considerable saving in 
the work necessary to be done in cleaning sewers after the street is laid, 
which would not be if the streets were laid in accordance with methods 
spoken of by Mr. Parfitt. As the street has dirt below, as soon as you 
pave them with asphalt that sewer cleaning is done away with, and it 
strikes me that the saving on amount of work necessary to be done in 
the Sewer Department would be quite a considerable item. 

Mr. Goodsell. — I think that is quite true. I believe that some form of 
monolithic pavement undoubtedly would economize in more than one way, 
not only in sewers and in street cleaning, but in various other ways. 

Mr. Somner. — Is the liquid asphalt you refer to that system of road 
oiling? 

Mr. Goodsell. — Yes ; the laying of macadam by the penetration method. 
The oil or asphalt is sprinkled over broken stone and forced down, and over 
that is spread smaller broken stone, which is in turn rolled, and possibly 
another coat, depending on the character of the road, and then the whole 
thing is rolled, making a good hard road. 

Mr. Somner. — I saw considerable work done up the State, up through 
the neighborhood of Hunter; the ground seems to make an excellent road 
there. 

Mr. Goodsell. — The oils have been laid by the State Highway Com- 
mission. 

Mr. Oestreich. — Did I understand you to say that the asphalt pavement 
is best? Do you mean sheet asphalt? Asphalt block laid on concrete base 
and clean sand between the blocks is a far superior pavement for a residence 
street. For any street that has a grade up to 1%%., it is much better for 
the horses, and after rain it is much less slippery, and especially the 
method of street cleaning in New York City seems to show that way. 

Mr. Goodsell. — Well, I think all that depends on the service the pave- 
ment is to give. I said that I thought the asphalt pavement was the pave- 
ment of the day. By that I mean the pavement most used and probably 
that most in demand. The asphalt block is undoubtedly the less slippery 
of the two pavements, because it has joints and can hold the corks of the 
horses' feet and so prevent slipping. It has small stone in it which makes 
it different from the asphalt pavement which is made entirely of sand. The 
wearing surface is no doubt good because of the presence of the stone, and 
it has the additional value of being easily laid because the labor can be 
gotten anywhere, but sheet asphalt is much cheaper. These asphalt plants 
are not complicated affairs. They are things that can be easily run by 
anybody after a little experience, and the quality of the work turned out 
will be sufficiently good for the residential and locally traveled streets. 

Mr. Van Bussem. — In view of the heavy cost of asphalt repairs, would 
not asphalt block pavement be more economical in the end? 

Mr. Goodsell. — I think not. The cost of repairs is not so great as yon 
seem to think. The last contract price in Manhattan was 97c. per square 
yard. Last year we laid pavement for 77c. Of course, that is probably 
above the cost of laying it, but not a great deal. I should estimate that the 
•cost of laying asphalt pavement under the repair contract which we have in 
Manhattan would probably be from 60 to 65c. a yard, and the asphalt 
block repairs will certainly cost more than that. 
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Mr. Van Bussem. — That sheet asphalt that you mention for 77c, that 
is not as durable as asphalt block? 

Mr. Goodseix. — No; probably not. 

Mr. Van Bussem. — I think that it is not so costly to maintain the 
asphalt block as it is the sheet asphalt. 

Mr. Goodseix. — But you must take into account you are laying 3 in. 
of material against 2 in. ; that the cost of manufacture of asphalt block is 
higher, and also the blocks deteriorate very rapidly after reaching a worn 
condition. They are very good for the first three years or so, and the water 
seems to affect them after about that time, and they go very rapidly and 
the traffic irons them out. 

Mr. Van Bussem. — How does the 2-in. asphalt block compare with the 
2-in. asphalt? 

Mr. Goodseix. — The cost of repairing those streets in Manhattan on 
which the original guarantee of maintenance has expired in the asphalt 
block paved streets is about the same as that of the sheet asphalt; very 
little difference. 

Mr. Van Bussem. — 'You mention on those slides that the cost of main- 
tenance is about lie. A. Yes. 

Mr. Van Bussem. — Do you include in that the entire area of Manhattan 
of the asphalt pavements; that is, the actual repairs; that is, the good and 
the bad, or, in other words, the entire area of pavement under maintenance? 

Mr. Goodseix. — The entire area maintained is that where the original 
guarantee of maintenance has expired. It does not include those streets 
where the original guarantee of the contract is in force. The cost of repair- 
ing those kinds of streets we have no means of knowing. It has been esti- 
mated at from 10c. to 15c. per sq. yd. 

Mr. Van Bussem. — That lie. does not show the cost of actual repair? 

Mr. Goodseix. — I don't quite understand. 

Mr. Van Bussem. — I mean this : You speak of the entire area of pave- 
ment — that is, pavement to be repaired and also pavement that is in good 
order* — that includes all of it. I speak of the actual repair. 

Mr. Goodseix. — The actual repair. I could ascertain that. I have 
not done so. We laid 320000 yds. of pavement last year at a cost of about 
$300 000, or less than $1 00 a yd. 

Mr. Pabfitt. — Another means of eliminating the repair account would 
be in the suburbs to lay a sewer in the center of the streets, and provide 
parallel sewers with connections, and that sewer to be laid in the space 
allowed for sidewalks. If the street was reduced in width the roadbed can 
be laid at that width. That would do away with all connections every 600 
or 300 ft. on each side of the street. Same way with the water. Instead 
of making connections directly with larger sewer in the center of the street, 
would connect with the smaller pipe. 

Mr. Cuozzo. — Do you think the settlement of asphalt pavement is more 
or less due to the concrete base underneath settling or breaking, or is it due 
to the quality of sheet asphalt on top? Some seem to think it is due to 
the wearing off of the surface material. I noticed this particularly on 9th 
Ave., from Union St. up 9th Ave., which was paved five or six years ago, and 
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it shows a very uneven settlement, and it occurred to me that it was due to 
the quality of making and placing on an uneven base. 

Mr. Goodsell. — Of course, the matter of back filling trenches over sub- 
surface structures is of great importance, and is a thing that should have 
more attention by the city to insure that even surface of pavement which 
is desirable. I should refer you to Mr. Schmidt. I know the conditions 
in Manhattan. The sub-surface structures are very complicated in Man- 
hattan. Each company has practically put its pipes and sub-surface con- 
duits wherever it pleased, and has placed them without control or direction 
from the city, and the result has been a great mass of pipes in the street 
which, when openings are made, necessitate tunneling. You have a subway 
conduit along the gutter; you have your sewer or water pipe in the middle 
of the street. In order to make a connection with the sewer or water pipe 
you have to tunnel underneath the conduit. 

Mr. Cuozzo. — I don't mean where you tear up the street for purpose 
of putting in connections general with asphalt pavement. A good deal has . 
to do with the concrete base, it seems to me. The sub-surface has not 
been evenly rolled. That is observed in a good many places. I have seen 
it where there is not a great deal of travel. In Jerome Ave. some places 
are worn out. I want to know whether it is the base or wearing surface. 
I believe if it is the concrete base at fault, a good deal of repair in that 
class would be eliminated by putting in dry concrete and immediately fol- 
lowing it with roller. 

Mr. Goodsell. — I have only to say that good work is absolutely essential 
to produce perfect pavement. The concrete base must be carefully con- 
structed of the right proportions and proper thickness, the binder laid and 
tamped and rolled and the asphalt surface on that. If there is defective 
work in any one of these three things that go to make up pavement, you 
are bound to have trouble. Of course, the main trouble, and what I believe 
to be the main cause of settlement, is in the filling underneath the founda- 
tion, and this should be thoroughly consolidated. 

Mr. Williams. — Do you think that brick pavement is a success? 

Mr. Goodsell. — We do not consider that it is suitable to the very heavy 
traffic which the narrow streets of Manhattan have to sustain. Brick pave- 
ments have been laid very successfully in the West; they have not been 
laid in Manhattan for the reason that they would not withstand the very 
heavy traffic. 

Mr. Heghinian. — Does the block pavement cost more than the sheet 
asphalt pavement? 

Mr. Goodsell. — Comparing asphalt block pavement with sheet asphalt 
pavement, you have the same base which costs the same for both kinds of 
pavement, but when you come to the wearing surface, you have a thickness 
of 3 in. of the block against 1% in. or 2 in. of the sheet asphalt, and adding 
the difference in thickness to the wearing surface makes a great difference in 
cost. 

Mr. Heghinian. — Is not the binder 1 and 2? 

Mr. Goodsell. — The binder is very cheap to make ; it is practically the 
cost of materials only. 



Digitized by LiOOQ IC 



92 BROOKLYN ENGINEERS* CLUB PROCEEDINGS. 

Mr. Heghinian. — The most expensive article in paving is the asphalt 
itself? 

Mr. Goodsell. — The most expensive part of the cost of sheet asphalt 
is the sand and broken stone. Take a sheet asphalt pavement, the per- 
centage of asphalt in any given unit is about 10 or 12%, the rest is sand; 
so it is the sand that costs. 

Mr. Heghinian. — One yard of sand is about 60c. and 1 ft. of sheet 
asphalt cost 9c. ; asphalt blocks contains 5 to 8 ; asphalt blocks contains 1/3 
less asphalt, and when I figure the itemized cost, you will see that the 
asphalt is the most expensive item in the whole make up. 

Mr. Goodsell. — I should say the stone was. The asphalt block un- 
doubtedly cost more on the street than the sheet asphalt. 

Mr. Heghinian. — I should like to find out why? 

Mr. Goodsell. — One of the reasons is that the asphalt block is made 
with very expensive machinery, and in a very expensive way. 

Mr. Heghinian. — Sheet asphalt plants are limited in their use to certain 
number of months ; asphalt block plants can be used the entire year. 

Mr. Goodsell. — That is true under present conditions, but asphalt plants 
could be easily built to operate throughout the whole year and pavement 
could be laid throughout the whole year. 

Mr. Messenger. — Have you done any re-surfacing of entire width from 
curb to curb in any old streets ; if so, what was the cost per square yard? 

Mr. Goodsell. — No, we never have done anything of that kind in Man- 
hattan. We have been opposed to the method of repairing pavements with 
the use of surface heater. I believe with the Lutz type of heater that way 
of repairing the pavements could be economically done. 

Mr. Burchell. — Don't you think it would be a better policy for the 
city to make it compulsory in the filling up to flush or flood with water to 
secure a better settlement of the cut before pavement is relaid? If that 
settlement could be prevented by flushing, would it not be better for the city 
to make it a compulsory matter? 

Mr. Goodsell. — Well, that brings up the whole matter of back-filling 
trenches which, as I said, is a matter of very great importance. Whether 
the flushing of the back-fill would prevent shrinkage of all kinds of material 
that may be put back in a trench would seem to be doubtful. I believe that 
the ordinary way of tamping would be more effective than flushing. 

Mr. Van Bussem. — One of the slides showed the old materials in the 
yard. Did I understand that that was used again — old material taken from 
the streets? 

Mr. Goodsell. — I understand that has been used to some extent. 

Mr. Hammer. — In all of the suburban places that I have ever seen, I 
have never seen asphalt pavement. Suburban places generally .use mac- 
adam. In Flushing there is macadam road and that road is good as any, 
and they repair that twice a year — in the Spring and late Fall. And on the 
south side of Long Island the roads of the L. I. A. Club there is a 6-in. mac- 
adam. It is oil about 4 in. on a 2-in. dirt and screenings and then rolled. 
Any good development company in operating will make all house connec- 
tions and lay all pipes so as to avoid breaking up of roadway, except where 
there is a break in the pipe. 
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Mr. Chevalier. — I would like to say something about sub-surface struc- 
tures. I have no doubt if precautions are taken settlement over water 
mains and trenches could be avoided. In taking up the pavements .10 greater 
cut is made than is absolutely necessary, and when streets are advertised 
for new pavement the Electric Light Co. always looks into the question of 
existing facilities on that street, and every provision is made for 
future, and when connections are made service boxes are built which seems 
to be most economical in addition to pavement, and depends entirely on the 
character and cost of the pavement in the street, but, of course, in the 
present development of buildings in New York City it is almost impossible 
for any mortal person to see very far in the future. 

Mr. Dunphe. — How do the pavements of today compare with the pave- 
ments 15 or 20 years ago? 

Mr. Goodsell. — Well, that is a pretty hard question to answer. I 
believe the Bermudez asphalt which is being used today is superior to the 
old Trinidad. We know from laboratory tests that it resists the water 
very much better, and I believe the pa*vements of today are much better, 
but one of the most important constituents of the asphalt pavement is the 
sand. I believe that you can make a good asphalt pavement with a poor 
grade of asphalt. It is just like making concrete. You have got to have 
a minimum number of voids, and each particle of sand in the asphalt sur- 
face has to be completely coated and adhere to its adjacent particle and the 
sand so graded as to have a minimum number of voids. The quality of 
your, asphalt pavement is dependent very largely on the size and grading 
of the sand. So it is a pretty hard matter to say that the pavements of 
today are any better than 15 years ago. I believe it can be made very 
much better. 

Mr. Dunphe. — Why is it that repairs are necessary so often in certain 
places? I know various blocks where repairing is going on all the time. 
It is repaired and then disintegrates very much. Is that due to the quality 
of the asphalt? 

Mr. Goodsell. — It is due to a variety of reasons. I think I mentioned 
in my paper, for instance, the desirability of having end dumping trucks 
over bottom dumping trucks. The idea is, for instance, that a load of 
asphalt may be dumped in a particular place where it is going to be laid, 
and in the dumping it may be solidified by compression, so that when it is 
all raked over to the 2 in. depth there may be some places more solid in the 
batch. The result is that the place where there is the least compression 
wears away first and leaves a hollow. The asphalt should be dumped 
away from the place where it is to be used and placed gently and evenly 
so as to get a perfectly homogeneous mass. Another reason is that there 
may be such a quality of sand used in certain parts of the mixture as to 
make in the surface a soft spot, which, when wheels pass over it, is readily 
marked and eventually cut into. % 

Mr. President. — Mr. Parfitt, about the laying of pipes you mentioned ; 
did you mean that one set of pipes should be laid on one side of the street? 

Mr. Parfitt. — I mean to put them parallel on each side of the street 
with the sewer, and in that way have the pipes run parallel with the 
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main sewer and main water line and then connections could be made from 
the smaller pipe to the houses. 

Mr. President. — Would pavement like that of broken stone be con- 
sidered assessed against the property as permanent pavement? 

Mr. Goodsell. — It would be in Manhattan. 
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LATE IDEAS ON VENTILATION 



By W. W. Macon, Mem. B. E. C. 
Presented Mabch 9, 1911. 



The word ventilation has generally signified an effort to maintain in 
building interiors a condition of atmosphere approaching as closely as prac- 
ticable the normal condition of outdoor air. Sometimes the idea has been to 
introduce as much air as the circumstances admit to displace the more or 
less vitiated air, but sometimes the problem has been regarded solely as one 
of dilution, the incoming supply being depended on to bring about rapid dif- 
fusion and, in that way, constantly to dilute the air fully as much as to 
displace it. 

In short, purity of air has been regarded as the important thing and yet 
we are face to face with complaints that edifices seemingly well ventilated 
from this standpoint are nevertheless not what the laymen feel they should 
be. It is recognized, of course, that the personal equation of different indi- 
viduals has very much to do with the case. It is recognized also that ven- 
tilating apparatus is commonly in the hands of indifferent caretakers. It 
is recognized also that often the expenses of running an institution are sub- 
ject to paring and one of the first departments to suffer is the ventilating 
installation. 

It is probable that notwithstanding the numerous charges that the ven- 
tilating engineer's work is not altogether satisfactory, little serious atten- 
tion would be paid to the objections made were it not for the fact that the 
open air schools, inaugurated through the effort of fresh-air exponents, have 
shown remarkable results. While there is evidence that some of the at- 
tempts to subject school children to unwarmed outside air in severe weather 
have been hazardous, the preponderance of the experiences indicates highly 
promising possibilities. Acknowledging that the pure air delivered by the mod- 
ern school ventilating system has apparently reproduced closely outside air 
conditions, the assumption is that there is something of which we do not 
know, and so numbers have been attempting to discover what is the elusive 
feature differentiating the open-air school room from the closed ventilated 
school room. 

Hithebto Accepted Basis of Ventilation. 

It is proper to say that the present practice of the ventilating engineer 
is based on the hitherto accepted claims of the physician and physiologist 
that the products of respiration of the animal are prejudicial to health and 
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with the carbon dioxide expelled by the body there are always concomitant 
impurities which are the really dangerous constituents of expired air. The 
result has been that efficacy of a ventilating plant has normally been meas- 
ured in terms of the presence of carbon dioxide in the general ventilated 
place. It has commonly been assumed, as result of experiments, that the 
average person gives off about 0.6 cu. ft. of carbon dioxide in one hour. It 
is obviously a mere mathematical calculation to discover how much outdooi 
air should be taken in with its normal amount of carbon dioxide, so that 
each cubic foot of this air on receiving its quota of the carbon dioxide from 
the body will not contain too much carbon dioxide, and therefore not too 
many other supposedly dangerous properties. For example, if we supply 
1 500 cu. ft. of air per hour to the individual and we assume that the indi- 
vidual delivers 0.6 cu. ft. of carbon dioxide per hour, each cubic foot of the 
air will increase its burden of carbon dioxide to an amount equal to 0.6 -f- 
1 500 = 0.0004 cu. ft. carbon dioxide. Outside atmospheric air is normally 
regarded as having 4 parts carbon dioxide in 10000 parts, so that on the 
average each cubic foot of air will contain about; 8 parts after it has taken 
up the carbon dioxide from the human body. 

This method of regarding the ventilating problem seems not in the light 
of late investigations by physiologists to be the rational way. Ventilation 
has, of course, been provided in considerably larger volumes than the fig- 
ures stated, perhaps as high as 6 000 cu. ft. per person, so that the average 
portion of carbon dioxide is brought very closely to the amount of outdoor 
air. There are conditions of occupation wherein the individual output of 
carbon dioxide is greater than 0.6 cu. ft. per hour and under such condi- 
tions either the amount of air must be greater or the approximation to out- 
door air purity from the chemical standpoint is not so closely reached. 
Meanwhile the ventilating engineer is deserving of credit for the numerous 
installations demanding these large volumes of air and in which the air 
supply has been provided with a minimum cost, all other conditions being 
considered, and with the absence of or a minimum evidence of draft. 
Crowd Poison Non-Existent. 

The foregoing is a brief statement of conditions relating to the basis on 
which a great deal of the modern ventilating work is being done. Of late 
years, particularly abroad, physiologists have been experimenting with the 
living person to ascertain the effect of different foods and of the air upon 
the metabolism or maintenance of cell building in the body, if that is the 
explanation the layman may safely make. These experiments have shown, 
that there is no poison in the human breath and it thus appears that we 
were created not with a capacity to be mutually dangerous to one another 
in a confined chamber. 
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The vapors from breath have been condensed and injected into guinea 
pigs, white rats and other animals without any effect observable whatever. 
The living subject of experiments has been left for days at a time in chambers 
with little or no ventilation and the ill effects have been attributed alto- 
gether to an increase of temperature and an increase in the humidity. Not 
only are no poisons delivered to the air but the body possesses automatic 
respiratory apparatus by means of which the proper amount of oxygen is 
taken into the body when the percentage of oxygen is as low as 15 or 16%. 

An artificial movement of air such as obtainable by the use of the elec- 
trically-driven fan of the desk type, has immediately relieved the subject up 
to that time in considerable discomfort. It will not be feasible to report 
at any length the details of these various experiments, and at any rate 'the 
object of this contribution is rather to take official recognition of the new 
ideas developing, with the belief that before long something of an even more 
definite nature will be available for the engineering world than is at present 
the case. Mention may be made of one document readily obtainable. This 
gives the details of some experiments made at Wesleyan University, Mid- 
dletown, Conn., by F. G. Benedict, Ph.D., and R. D. Milner, Ph.B., in Bulle- 
tin 175 of the Department of Agriculture, entitled "Experiments on the 
Metabolism of Matter and Energy in the Human Body," and obtainable for 
a nominal sum from the Government Printing Office, Washington, D. C. 

The experiments have, of course, very much to do with the energy trans- 
formations taking place with the use of foods of different classes and 
calorific value and the like, requiring a study of the oxygen involved in the 
upkeep of the tissue building and work done and an account of the carbon 
dioxide and waste emanations from the body. About 25 of the 335 pages 
of the book are devoted specifically to ventilation. 

For the study of ventilation in the Middletown experiments, a charabf>i 
7 x 6 ft. in plan and 4% ft. high was employed. To have provided an air 
supply of say 3 000 cu. ft. of fresh air per hour in accordance with some of 
the standards established — for example, by Pettenkofer — would have re- 
quired a complete change of air about every four minutes, a condition which 
would have been impracticable. During preliminary experimenting for the 
other phases of the general problem, it was found that persons could remain 
several hours in the air-tight chamber with no air passing through it and 
experiencing no special discomfort other than that produced by the risp in 
temperature. When a cooling system was introduced to keep the tempera- 
ture comfortable, the absence of ventilation was not noticeable for several 
hours longer. 

For ventilation, an air-pump was employed to draw air through the room. 
Jn the case of the first subject experimented with, about 3% cu. ft. of air 
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were supplied per minute. The subject did not realize the nature of the test 
and slept with his accustomed regularity and no abnormal condition of any 
kind developed. In this case the test was continued for 2% days and the 
subject's health was not only excellent when he came out, but it continued 
so. Another experiment was carried on with a different subject, but the 
amount of air was reduced one-quarter without his knowing it, so that 
he did not get much over 2.6 cu. ft. of air per minute as compared with 30, 
40 and 50 cu. ft. sometimes demanded and provided in modern ventilating 
plants. This subject at the end of five days was perfectly well and ready 
to repeat the experiment. 

A fourth experiment of 12 days' duration was 'made and here the ven- 
tilation was less than 2 cu. ft. of air per minute. One of the subjects was 
an athlete and during the experiment in the chamber rode eight hours a 
day on a stationary bicycle ergometer. The work was done in series of two 
hours each, relieved with short rests. The carbon dioxide production reached 
its maximum during the work and was 183 volumes in 10 000. On open- 
ing the window in the chamber after an experiment the air invariably 
smelled close to an outsider, but it was unnoticed by the subject himself. 
In some of the other experiments the amount of carbon dioxide was 35 to 
37 parts in 10000, or about 12 times the normal proportion of good outdoor 
air, and at the end of the work period the amount of carbon dioxide corre- 
sponded to 231 parts per 10000 or 80 times the normal. For 12 hours in 
each work day the subject lived in general in air with an average carbon 
dioxide content amounting to considerably over 100 parts per 10000 or 33 
times the normal outdoor condition. 

Importance of Air in Motion. 

The specific findings of the Middletown experiments indicate that an in- 
crease in the amount of carbon dioxide is absolutely without effect on the 
mental and bodily comfort of the subject, that the so-called concomitant 
impurities are not discovered ; that the subjects complained of headache or 
other discomfort at no time. Other experiments might be mentioned, like 
some at the University of Minnesota, with a bull in practically an air-tight 
stall for a period of 37 days and enjoying a gain in weight of 1 lb. per day 
during the entire period and of an interesting experiment made by Dr. 
Leonard Hill of the London County Medical Hospital, London, England. 
Dr. Hill put 8 students in an air-tight chamber of 106 cu. ft. capacity. The 
subjects naturally entered in somewhat excited spirits and for half an hour 
they were kept without access to the outside air. As time went on they 
became uncomfortable, the wet bulb thermometer crept up to 80°, the air 
became depleted of its oxygen and the carbon dioxide percentage rose. An 
electrically-driven fan had been provided in the chamber and the next stage 
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of the experiment was to run the fan, when it was found that although the 
students were still breathing the stale air in the cabinet and no other, the 
discomfort was reduced so materially that the impurities in the confined 
atmosphere had little effect on the breathing, while the temperature regis- 
tered by the wet bulb was lowered. The experiments were repeated with 
two persons, and by means of an electric heater the wet bulb temperature 
was run up to 85°, and at certain stages definite quantities of carbon dioxide 
were introduced. Deep breathing had to be resorted to in this case, and the 
pulse was high, but all the discomforts were instantly suspended when the 
fan was whirled and there were no after symptoms such as headache and 
lassitude. There are instances where the amount of carbon dioxide was 
carried as high as 400 parts or 4% of the atmosphere. 

Why an Ant Supply Is Still Important. 

The general findings of all these experiments briefly referred to are that 
what is of the leading consideration, of the greatest importance to the upkeep 
of the health of the human body, is that the body shall not be subjected to 
too high temperature, that it shall not suffer too high humidity and that 
it shall experience gentle air movements or air agitation. Under certain 
conditions a continuous supply of air will prevent the high humidity, and, of 
course, the high temperature, when it is otherwise not easy to reduce the 
temperature. It is not, however, essential to have an incoming supply 
of air to get the gentle air currents seemingly necessary, and at first blush 
one might assume that all that is needed is to install electrically-driven 
fans or employ Hindustani punka wielders. It should be remembered, 
however, that these experiments are referring chiefly to the moderately 
healthy individual. They do not provide for the assemblage in which there 
may be a number of persons infected with one of the impure air diseases, 
such as tuberculosis, pneumonia or influenza. Means for minimizing con- 
tagion put a premium on the desirability of flushing the building interior 
with a continuous supply of air, but even in this case there are other 
considerations. 

Ant in Contact With the Body. 

The fact that the movement of air across the body has proved so effi- 
cacious is an indication that it is not only the air one breathes that has 
much to do with his health but the air surrounding his body. It appears 
that the value of ventilation is not solely to minimize the danger of dis- 
ease propagation but also to provide the utmost facility for favoring the heat 
exchanges of the body. High relative humidity has long been regarded as 
undesirable in limiting evaporation from the skin and as interfering with 
the proper dissipation of heat from the body or heat balance. Everyone 
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knows the exhilaration of the steamship ride or the sojourn at the seashore, 
where one is breeze-swept. One's clothing tends to hold an envelope of air 
near the skin and if conditions are not present allowing for the flushing of 
the air envelope, this relatively stagnant air approaches the temperature 
of the body and becomes saturated with moisture and in that way interferes 
with the emission of heat from the body. 

It is probable that one reason why ventilating installations bringing 
about a constancy of temperature throughout the inhabited space and an 
absence of draft are regarded by self-appointed experts as stuffy is that 
the temperature is not sufficiently below the temperature of the air envelope 
around tb* bo»ly to start the natural or gravity circulation of air so that the 
cool room atmosphere may more or less continuously displace the air en- 
velope. 'Ho result is discomfort, irritability and restlessness, so often ob- 
servable ir» f\n audience. 

RecogDi'mn of this phase of the subject has been made by some hos- 
pitals in New York. It is understood that alcoholic pneumonia patients in 
Bellevue hospital, for example, are now so far as possible placed on bal- 
conies and near open windows, so that there is an air movement across their 
beds with the result that instead of hypnotics being necessary, restlessness 
has been dispelled and the patients get needed sleep. 

It is not to be expected that ,we shall in the early future educate the 
people in general to get used to gentle drafts. Other means will probably 
be necessary in order to give to a room a desired air freshness, so far as the 
layman's observation goes. It would seem feasible to supply at intervals air 
below the normal room temperature, for then we would not have the same- 
ness of temperature throughout a room. The public wants fresh air and the 
ventilating engineer has been speaking of fresh air when he has been sup- 
plying pure air, or normal outdoor air. Fresh air, as the average man would 
define it, is cool air in more or less motion free from odor, so that if we 
can supply pure air not too warm, properly humidified, give it motion or 
the effect of motion and prevent odors so far as possible, we are supplying 
something calculated to maintain the upkeep of body tissue building and 
the equanimity of the victim's disposition. 

Dust and Humidity. 

There is a school which places a great deal of emphasis on the necessity 
of humidity regulation. It is a time-worn argument, though probably true 
and certainly reasonable, that dry air in contact with the membranes of the 
throat and respiratory passages tends to accelerate unduly the passage of 
moisture from the membranes. This has commonly been regarded . as one 
of the chief causes of rendering the human body a victim of the impure air 
diseases. There is another school which considers that the question of 
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humidity is of secondary importance and that dust is far more to be feared. 
They do not put so much emphasis on the fact that dust is apt to be a bac 
teria carrier as that it is subject to a dry distillation with the production of 
irritating and poisonous gases and also that in cities it commonly contains 
injurious metallic constituents. 

The author is indebted to W. P. Klobukowski, Ph.D., of Warsaw, 
Poland, for information of experiments he has conducted with the passage 
of dust over heated surfaces, where the temperature has not been great 
enough to bring about combustion to the extent of the formation of carbon 
dioxide. A distillation instead occurs with the production of . doubtless 
some ammonia, perhaps carbon monoxide, and such compounds as acrolein, 
said to be decidedly irritating to the respiratory passages. Dr. Klobukowski 
is an exponent for introducing humidifying apparatus, where dust is un- 
avoidable, so that each particle of dust, so to speak, is wrapped in an en- 
velope of water vapor and is protected from the temperature which might 
bring about the distilling process. 

Everyone is familiar with the characteristic odor from direct radiators 
when the heating system has not been, operating for some time. Briefly the 
solution of the dust problems, aside from minimizing its introduction by 
air washers, filters and the like, and perhaps introducing the Japanese prac- 
tice of removing the street shoes on entering the house, and the use of 
vacuum cleaning apparatus for removing the dust, is the use of substan- 
tially self-cleaning heating apparatus, in the case of direct radiators, for ex- 
ample, appliances not subjected to a temperature above 150° F., and 
probably never over 1G0 or 170°. In the case of direct radiators, this 
phase of the problem points to the desirability of smooth, plain surfaces and 
extended distances between sections of a radiator so that it is visible, and on 
that account will demand cleaning to keep it sightly. Ventilating systems 
should be designed for velocities preventing the deposit of the dust and with 
an absence of pockets where dust can collect at any time. 

The other characteristic of dust on which emphasis has been placed is 
the fact that it carries with it minute metallic particles. It came as a 
shock when we read for the first time the result of the investigation of 
Dr. George A. Soper, of New York, that in the New York Subways one ton 
of iron dust was produced for every mile per month from the brake shoes 
alone. The author knows of one case where the dust separated by an air- 
washer was dried and when a magnet was applied to it, a considerable 
amount of iron particles was discovered. The point is made that these 
microscopic knives are not likely to treat the membranes of the respiratory 
passages in a tender fashion, and therefore, they assist in preparing the 
way for the pathogenic germ, As proof of the existence of metallic dust in 
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city air, Dr. Soper calls attention to the fact that marble buildings are 
gradually being stained by iron salts. 

The question of odor seems to have its largest application in the fact that 
it is sometimes nauseating to some individuals and on that account tends to 
interfere with their proper physiological processes. The fact that air of 
respiration is not dangerous, as shown by different experiments, does not 
make the question of odor an important factor, except it is the odor of 
some distinct poison. It nevertheless displeases the esthetic, and its elimina- 
tion is of course assisted by the volumetric method of ventilation. There are 
instances where the ventilation of a school room has been condemned solely 
on the basis of odor, when the corrective was not the question of the air sup- 
ply, but the question of the need of bathing on the part of the pupils and of 
attention to their teeth and throats. 

Summing up briefly, the late investigations in respect to ventilation in- 
dicate that temperature and humidity are highly important factors ; that we 
must maintain freshness of indoor air by periodic flushing or instituting 
gentle air movements or combination of both ; that we must avoid dust as 
much as possible, and that to minimize troubles from such dust as is un- 
avoidable we must provide systems which are self-cleaning and which have 
heating surface if possible not too high in temperature. A study of the 
conditions of the evolution of the strong races shows that the air about the 
body has always been in motion and that the body has lived in a changeable 
temperature. It is of importance to add that the question is now being ac- 
tively studied by a committee of the American Society of Heating and Ven- 
tilating Engineers in collaboration with the American School Hygiene Asso- 
ciation and authoritative pronouncements are before long to be expected. 

DISCUSSION. 

Mr. Orbok. — The dust problem has been one that has been of great 
interest to me, and within the last few years I have made more or 
less determinations of the dust in atmospheric air around New York. I 
would not quite like to follow what Dr. Soper said about the test made by 
him as to the condition of the air as far as metallic (steel) dust is con- 
cerned, but I have found more or less iron in the dust collected. For these 
tests I made use of the same apparatus which Dr. Soper used, a sugar filter 
to collect the dust, a gas meter to measure the amount of air and a little 
pump to pull the air through. We made quite a lot of determinations, and 
the metallic constituents were less than % of 1% of the dust collected. 
I would be inclined to believe that some trouble would be due to silica and 
some of the other non-metallic constituents. 

Referring to the matter of school ventilation. School ventilation has 
always been a very vexed subject. When I taught in a country school 
the ventilation was obtained by means of opening the windows about 3 in. 
from the bottom and putting a board in, and good ventilation, with a good 



Digitized by VjOOQIC 



LATE IDEAS ON VENTILATION. 103 

velocity of about 4 ft. a second through the space between the two sashes, 
would be obtained. In ordinary Winter weather, when the air outside was 
around freezing, better velocities would be obtained, showing that we were 
getting plenty of air into the school house. Later on it came to me to design 
a number of school houses, and the system which was in use at this time 
was known as the Smead System, in which ventilation was obtained by a 
furnace at the base of the stack. There was no blowers or pumps, and 
the foul air was taken out at the floor. This Smead System was very 
successful, and gave an average of 50 cu. ft. of air per minute for ordinary 
rooms containing from 48 to 60 scholars. Later on a gentleman named 
Tudor commenced to use fan ventilation for school houses. 

In mining ventilation the amount of air required by the mining laws of 
several of the large States and mining division is 100 ft. per man or per 
animal in the mine. These figures are very much exceeded in case of fire. 

Ventilation is also a matter of individuals. I remember one experience 
where we had an explosion in the mine. After an explosion the ventilation 
of the mine is spoiled. Usually the mine fan has blown out when the 
explosion takes place, and there is no flow of air. In this particular place 
the fire damp had exploded, breaking the brattices. A party immediately 
started down, the men bratticing in the center of the gallery and the air 
would come in on one side and go back on the other. I went down with 
the second party. The men who went down in the first gang staid about 
20 minutes and were taken violently ill. I am so constituted that small 
proportions of bad air does not affect me, and I staid down 2y 2 hours. I 
think that seven gangs of men came down during that time. It is a matter 
of individual make-up as to the effect of the carbonic acid. In this par- 
ticular case I have no doubt that C0 2 was as high as 250 parts per 10000. 

I want to say one word about power house ventilation. In most of 
the power houses we use forced draft, and we pump enormous quantities of 
air out of the boiler room into the furnace and up the chimney. This 
makes the boiler house one of the most comfortable places in the Summer 
time and coldest in Winter. It is so cold in the boiler rooms in Winter time 
that all the windows have to be kept closed to prevent freezing of the pipes on 
boilers that are out of service. 

In the engine room there is very little chance for natural ventilation, 
and what little there is is through the monitor at the top of the room. 
Since introducing the steam turbine, we have found it necessary to ventilate 
the turbine itself. In the case of the 8000 kw. turbine, 40 000 per cu. ft. 
of air per minute are used. 

In the case of the new large turbines about 80 000 cu. ft. would be 
put through a minute. The power necessary to move this air through the 
windings is obtained from the revolving field itself. 
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THE DESIGN, CONSTRUCTION AND OPERATION 

OF HIGH TENSION ELECTRIC 

TRA NSMISSION L INES 

By Clyde D. Gray, Mem. B. E. C. 
Presented April 13, 1911. 

It is the purpose of this paper to bring out some of the points that should 
be considered in designing, constructing and operating aerial high-tension 
transmission lines, voltages above 10 000 to be considered as high-tension. 
There has been and still is too little attention paid to the proper engineer- 
ing and construction of these important links, connecting as they do, power 
stations with substations and consumers located many miles from the 
source of power. 

It is due to such lines that many hydraulic developments are made avail- 
able as sources of power for large communities which otherwise would suf- 
fer from the lack of power that could be purchased at a reasonable cost. 
This is particularly true in mountainous sections remote from sources of coal 
or other fuel supply or where railroad facilities are poor. This statement 
even applies to those more thickly settled sections where coal is cheapei, 
but where hydraulic power can be generated and transmitted in large quan- 
tities so as to compete in cost and reliability with power generated by steam 
or gas engines. 

This applies not only to power generated from water but also that pro- 
duced in large steam plants and distributed to substations and large power 
consumers in districts containing small towns and cities which would not in 
themselves be large enough for a power house. In the latter case one large 
plant suitably located using large units with a better load factor can pro- 
duce and deliver power at a price to carry the additional investment in the 
transmission lines and substations and still make a profitable showing over 
the operation of several steam generating stations supplying the same district. 

The sources of power at the present time that have to be considered are 
water power, steam, gas and oil engines. Water power is the one now most 
utilized for large transmission projects on account of its cheapness, and be- 
cause in many cases the best power sites are remote from the market and 
located in districts where fuel is expensive. In many systems the hydraulic 
station is operated in conjunction with steam stations, the steam plant 
taking the daily peaks, supplying the necessary power during shortage of 
water and! floating on the system ready to take up tjie load iji case service. 
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from the water power is interrupted, due to line or other trouble. Steam 
turbines are particularly well fitted to operate on the system in this way as 
they serve as synchronous condensers to increase the power factor and thus 
give better regulation and decrease the line losses. At the same time they 
are ready to pick up the load without interruption if the other source is sud- 
denly cut off. 

The distance to which power can be transmitted economically depends 
on the cost of fuel and labor, the railroad facilities of the district and the 
first cost of the complete power development, including water rights, real 
estate flooded by water storage, rights of way for the transmission lines, 
cost of power house, lines, etc. The present limit seems to be from 200 to 
250 miles on the Pacific Coast. The longest one in the Bast is that from 
Niagara Falls to Syracuse, about 160 miles. The limits are being extended 
by the introduction of higher voltage apparatus, so that today 150000 volts 
are not considered beyond the bounds of reason, 110000 being used on 4 or 
5 systems now. 

The possibility of building steam plants at the coal fields where culm or 
other cheap grades of fuel could be used, for transmitting power to neighbor- 
ing cities, has been proposed and there is one company doing this at the 
present time in Pennsylvania, the Harwood Power Company, which dis- 
tributes power at 30000 volts. 

Water power plants are the ones principally used in connection with high- 
tension electric transmission owing to the low cost of generation. They are 
installed "where water is plenty or where the cost of its storage is compara- 
tively low. In many cases the cost of storage is high and water is scarce, 
so that season Storage is necessary, but usually in such cases a high head 
can be used and in some cases the same water is used in several plants in 
series, the final one discharging into an irrigation system. In some cases 
Government irrigation projects also generate power and transmit it for 
pumping or power purposes. Many such power developments have been 
made possible and useful by the use of electric transmission for carrying 
the power where it could be used in existing markets or by developing new 
markets. The development of various electrolytic processes for manufactur- 
ing aluminum, carbide, etc., are responsible for many of the hydraulic 
plants and transmission systems of today. The growth of cotton milling in 
the South has also given an impetus to this business. 

Coming now to the main part of the discussion, the transmission line, 
we will take up briefly some of the points that should be considered in de- 
signing and locating the line. The voltage and number of circuits are 
usually the first points to be decided. These depend more particularly on 
the amount of power to be transmitted, the allowable loss and the dis- 
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tance, but the character of the load in respect to power factor, load factor, 
desirability for securing continuous service and character of country over 
which the line is to be run, are also points to be considered. 

In general, the voltage is determined from the allowable losses in the 
line with the most economical size of conductor. Kelvin's rule applies 
fairly well to this determination, which is, that, for a given voltage the an- 
nual cost of energy wasted or lost shall be equal to the interest on the in- 
vestment. Usually each case has to be treated on its own merits. A 
so called "rule of thumb" method is that the pressure in kilo volts shall be 
equal to the distance in miles. In any case £his problem usually resolves 
itself into a cut and try method for the first attempts in determining the 
size of the conductor, which can be carefully calculated later. The total 
voltage drop can be taken care of by taps on the step down transformers. A 
starting point for conductor size is usually No. 4 copper or No. 2 aluminum 
for the smallest size to be used on short spans, and No. 2 copper and 1/0 
aluminum for longer spans on account of mechanical strength. This being 
the starting point, the voltage may then be determined to keep the loss 
within the limits desired. By loss is meant the actual C 8 R or ohmic loss 
and not the voltage drop. This is usually kept from 5 to 10% of the deliv- 
ered power. When duplicate circuits are installed, it is satisfactory to allow 
this loss when both are in service. If one is out for a time the generating 
voltage can be raised sufficiently to keep the delivered voltage at its proper 
value. 

The number of circuits to be installed depends on the amount of powei 
to be transmitted and the continuity of service required. In general, if it is 
necessary to keep the initial cost of the development low, and the system 
to be supplied has another plant or a steam plant kept under steam with en- 
gines or turbines floating on the system, it may be the best engineering to 
install but one circuit. In many cases where the voltage allows, the poles or 
towers may be equipped for two circuits and but one installed at first until 
the demand for power increases sufficiently to warrant the cost of installing 
the second circuit, or the loss becomes too great on one circuit. 

If the system to be supplied has no other plants operating on it, it is 
usually considered best to install two or more circuits either on one line of 
poles or towers or on separate lines on the same right of way, or in cases 
where the transmission is a very important one and the initial expense is 
not considered as vital as continuity of service, it is best to install a part of 
the circuits on an entirely separate right of way over a different section of 
country in order to avoid local storms. This method gives the best assur- 
ance against interruption but involves an additional first cost of construc- 
tion and increases the cost of patrolling and repairs. Two single circuits on 
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different routes making a loop are also good as they take the place of a 
double circuit. 

In regard to the advisability of installing two circuits on one line of 
poles or towers, this is entirely feasible up to 35000 volts on wood poles, 
and one can be repaired while the other is operated, care, of course, being 
taken to see that the dead wires are securely grounded before being touched. 
With steel towers, duplicate circuits of any reasonable voltage can be sim- 
ilarly repaired. This type of construction is cheaper than the installation 
of each circuit on its own poles or towers, but has the slight disadvantage 
that some causes of interruption will put both circuits out of service simul- 
taneously, such as falling trees or large branches that will touch both cir- 
cuits at the same time. Greater care must also be used in repair work on 
account of the proximity of the live circuit. 

There is no advantage in single lines in respect to the usual causes of 
interruption, such as lightning, surges, mechanical breaks in wires, insu- 
lators, pins, poles or towers, caused by wind or ice strains on conductors 
and short circuits or grounds caused by conductors swinging together or 
into the supporting structures. 

Another problem that arises is to determine the connection of the cir- 
cuits, whether delta or star, and if star, whether to ground the neutral at 
the power house and substations or not. Engineers differ in regard to this 
question. For voltages up to 45 000, it is probably better to operate delta 
in most cases and above that value to connect star with the neutral 
grounded, although some systems at higher pressures are operated delta, the 
Central Colorado Power Company being an example. 

The delta connected circuit can be operated on two wires and if single- 
phase transformers are used, one of a bank of three can be taken out with- 
out appreciably disturbing the voltage relations, the only effect being that it 
reduces the capacity of the bank. The voltage between any wire and ground 
is greater with the delta system for a given voltage between wires than for 
the star connected system. For example, on a 66 000-volt circuit the voltage 
between one wire and ground is only 38 000 volts when connected star, while 
with the delta connection it is 66 000. The star connection thus reduces the . 
strain on the insulators. The star circuit can be operated on two wires, pro- 
vided there is a dead ground at both ends of the line, but the voltage on the 
phases is apt to be somewhat unbalanced, depending on the conditions of the 
grounds, their number and distance apart. Two transformers can also be 
used with the same disadvantage. The grounded neutral, star connected sys- 
tem lends itself better to the use of the Nicholson and other similar methods 
of testing for broken insulators or grounds on the system. 

The size of conductor is dependent not only on the losses but also on 
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the sleet and wind conditions, especially for steel tower construction. The 
allowance to be made for these factors depends on the section of country 
traversed by the line and the factor of safety desired. The Weather Bureau 
records for several years past, from stations in the vicinity of the line, should 
be consulted and as much local information secured as possible regarding 
sleet and wind conditions. The telephone and telegraph companies often 
have some records available. 

It is generally safe to use 8 lb. wind pressure on the projected area of the 
wire, together with V 2 -in. radial thickness of sleet in sections where sleet 
foims. This wind pressure is equivalent to an actual velocity of about 56 
miles per hour or an indicated velocity of 70 miles per hour calculated from 
the formula P = .0025 v a , in which P is the pressure in lbs. per sq. ft., and 
V is the actual velocity in miles per hour. 

The amount of sleet to be considered is a much debated one, especially 
with aluminum wire. Some engineers say that sleet will not form on a live 
conductor and not at all on aluminum, but the writer believes that it will 
form on aluminum, especially after the wire has been installed for some 
time, so that the initial greasy coating has had time to wear off and the 
oxide has formed on the surface. While sleet is not apt to collect on a live 
wire with high voltage, still there is always danger of the wire becoming 
dead due to some interruption and then the sleet does form. 

The voltage, size of conductor, and type of connection are usually deter- 
mined before the country is actually seen by the engineer, and then it is 
necessary for him to visit the section of country and go over the proposed 
route or routes for the lines as carefully as possible with the best maps 
available, accompanied by someone who is familiar with the territory, pref- 
erably a civil engineer who has been engaged on the preliminary engineering, 
so that decisions can be made regarding the route, type of construction, 
whether wood or concrete poles with short spans or steel towers with long 
spans. The route should be gone over on horseback or with a team, if it is 
near a highway, and notes made on a map or in a field book regarding tim- 
ber, character of soil, condition of land in respect to cultivation, roughness 
of profile, kind of highways for transporting material, proximity to railroad 
stations, and any other facts that might have a bearing on the cost of con- 
struction, cost of right of way, or ease of patrolling and making repairs. 
Two or three of the most desirable routes should be gone over in this way 
and a comparison made as to the advantages and disadvantages of each. 
The maps of the U. S. Geological Survey are a great help in this work. If 
impossible to visit the locality, they may even give a fairly good idea of the 
various routes if made up from recent surveys, but the older ones are some- 
times misleading, especially in the location of highways, as oftentimes these 
have been changed. 
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From the results of the above reconnaissance, may be decided whether 
the country would be best for poles or towers, if there is any question in 
this respect, the approximate cost of right of way, clearing, hauling mate- 
rial, digging holes, etc. ; also whether the locality is subject to wind, sleet 
or lightning storms of especial severity, all of which factors must be con- 
sidered before deciding upon a definite route. 

All of this preliminary reconnaissance work should be carried on as 
quietly as possible without exciting the attention of the land owners, whose 
prices for property invariably . increase rapidly when the project is known. 
In many States power companies do not have the right of eminent domain, 
so that it becomes necessary to purchase the right of way or easements. 
Consequently, a good right of way man, who has had considerable expe- 
rience in securing rights of way for railroad or transmission lines, should 
be secured and given considerable latitude in his dealings with the land 
owners. This man if possible should be acquainted locally, so that he may 
know how best to approach the people. 

The problem of securing reasonable prices for rights of way is much 
more difficult for a high-tension line than for a railroad, as there are no at- 
tendant advantages to the land owners unless they are broad-minded enough 
to realize that tne general community will be benefited by cheap power 
which will benefit them indirectly. Such persons are, however, usually 
scarce. It is well, if possible, to give the right of way man two alternate 
routes to work on in case he encounters any especial difficulty in one route. 

The right of way may be purchased in fee simple, in which case it may 
be fenced or not, depending upon circumstances. Usually the farmers are 
allowed to cultivate the land, provided they do not injure or interfere with 
the line in any way. This is advisable, as it keeps down grass and brush 
which might cause trouble from fires or require cutting periodically. The 
right to enter the right of way strip either by patrolmen or repair wagons 
should be reserved. It is best to have nothing stated in the deeds regarding 
cultivation but to allow it, so that in case the power company desires, it 
may fence off its property. 

Often easements are obtained for setting poles or toweis. These may be 
perpetual or limited by time, preferably the former. In this case the right 
to enter the property, patrol the line and repair it must be secured. If pos- 
sible the center line should be defined across each properly without the num- 
ber and location of poles or other structures specified, as it often happens 
that additional ones may be desired later, which gives the owner an oppor- 
tunity for canceling the original contract and demanding exorbitant prices 
under the new agreement. 

It is hoped that all the States will give power companies the right of 
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eminent domain, as transmission lines tend to husband natural resources and 
increase the prosperity of the districts which they serve, and it is hoped, 
that by means of intelligent and temperate discussions of conservation, these 
rights will be secured to power companies in all localities. 

The width of right of way to be secured depends on the number of pole 
lines and the cost of land, but should not be less than 100 ft. for any im- 
portant line, and should be entirely cleared of trees and brush, and if the 
section is subject to forest fires, fire trenches should be plowed along its 
edges to help protect the structures from damage and prevent fires from 
crossing the right of way if possible. All trees outside this right of way 
strip that would reach the line in falling should also be cut. All timber and 
brush should be disposed of in some way or burned, so that dead branches 
will not be picked up by the wind and blown across the circuits or furnish 
fuel for forest fires. 

If easements are secured the clearing should be done in the same manner. 

In rough country it may be necessary to make wagon roads or paths, so 
that the construction, patrolling and repairs may be done more easily. 

After the right of way options have been secured for the entire line, 
with more or less flexibility as to route, a survey party should be put into 
the field and the center line of the right of way located, Care being taken to 
make the line as straight as consistent, and where a change of direction has 
to be made, to make it on a curve, so that the turn will come on several 
structures instead of one, so that standard structures can be used. Topog- 
raphy should be taken for a strip about 1 000 ft. wide and all buildings, 
fences, highways, telephone, telegraph and other pole lines definitely located 
and notes regarding cultivation and trees made. The plan of this strip 
should be plotted on a scale of 1 in. equals 400 ft., together with a profile 
of the center line on a scale of 1 in. equals 20 ft. vertical scale. If it is to 
be a steel tower line with long spans, another profile should be made with a 
horizontal scale of 1 in. equals 80 ft., and a vertical scale of 1 in. equals 20 
ft. This profile should show the height of other lines crossed and the loca- 
tion of highways and property lines. 

The type of construction to be adopted depends on the importance of the 
system, number of circuits needed, first cost of construction and the cost of 
maintenance and repairs. The cheapest in regard to first cost for a single 
circuit is, of course, a wood pole line, the poles being spaced as far apart as 
possible consistent with safety. This depends on the size of conductor and 
the wind and sleet conditions to be encountered. In the writer's opinion, 200 
ft. is the maximum span allowable and from 125 ft. to 150 ft. is better for 
average conditions with moderate-sized conductors. This refers to a single 
three-phase circuit with grounded wire for lightning protection. 
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The strains in the wire and poles should allow for a factor of safety of 
at least two under maximum wind, temperature and sleet conditions, the 
strain in the wires and their supports being found by the use of the formula 

o = in which S equals straiu in lbs., W equals the equivalent weight 

8d 
of 1 ft. of conductor in lbs., L equals the length of span in feet, and d equals 
the deflection or sag of conductor in feet (W is the resultant weight of con- 
ductor, including ice and the wind pressure exerted on the conductor, in- 
cluding ice, taken at right angles). This gives the strain on the conductor 
and on the insulator support for pin type insulators. If suspension type 
insulators are used, the strain on the insulator support is less than on the 
wire by about 15%, due to the fact that if the wire breaks, the insulator 
moves from its vertical position and takes the direction of the wire, thus 
increasing the deflection and decreasing the strain. The effects of tempera- 
ture and elasticity can be neglected on short spans. 

The kinds of timber principally used in wood pole construction are chest- 
nut, cedar, cypress or juniper, redwood and pine, the latter being used prin- 
cipally when impregnated or treated with some wood preservative. All of 
these woods will rot more or less at the ground line and may be protected to 
prevent this action. As the price of poles goes up due to the scarcity of tim- 
ber, it becomes more necessary to prolong their life or make use of concrete 
or steel construction. 

TTie methods of treating are, impregnating the entire pole by the vacuum 
process, using creosote, zinc chloride or other wood preservative, the open 
tank method of boiling the butt in one of the same preservatives for 7 or 8 
ft., and the brush treatment of the entire butt or only the section around 
the ground line extending 2 ft. below and 1 ft. above the ground. In the 
writer's opinion the treatment of the entire pole is not justified and possibly 
the second method may also be too expensive at the present time, so that it is 
a question of using the brush treatment, which may increase the life from 
25 to 50%, if any treatment is justified. 

Among the advantages claimed for wood construction are : cheapness in 
first cost, ease of construction, as no special workmen or apparatus are 
needed, the advantage of having the insulation of the pole between the con- 
ductor and the ground, which is of doubtful value on high potentials, and 
the possibility of having a cross arm or pole top burn off from an arc 
caused by a defective insulator without interrupting the service. A single 
line of poles of this kind may in some instances be installed at the side of 
highways, electric or steam railways where permitted, thus saving the cost 
of right of way and rendering patrolling easy. 

Some engineers and operating men prefer 2 wood pole lines, each carry- 
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ing a single circuit, to a double circuit wood line, even though their first 
cost and maintenance are much greater, believing that 2 circuits on separate 
structures even on the same right of way are not so liable to interruption 
from a common cause, and also that repairs can be made on one safely 
while the other is alive. Some prefer 2 wooden pole lines to a double cir- 
cuit steel tower line for the same reasons, even with the greater cost of the 
pole lines and the much greater cost of maintenance. It has always seemed 
to the writer, however, that the steel construction is the better on account 
of the fewer insulators per mile and the lower cost of construction and main- 
tenance. The life of the best wood construction is not over 12 to 15 years, 
while steel towers should be good for an almost indefinite period, provided 
they are properly maintained. 

No data is available regarding the life of steel towers, as they have not 
been used long enough to determine their life, especially if galvanized. 
Galvanizing should be good for 10 or 12 years and then by painting every 
2 or 3 years with some good preservative paint, such towers ought to last 
40 or 50 years, or even longer. 

The writer has a section of 3y 2 -in. x Sy 2 -in. x ^4 -in. plain angle iron that 
was once one leg of a windmill tower that had been installed 19 years 
which is not corroded to any extent, except at the ground line where it was 
practically eaten away. If this had been properly protected for a distance 
of 18 ins. at this point, the tower would still be standing, for the rest of the 
angle was practically as good as when installed. 

Single circuit pole construction does not lend itself well for supporting a 
grounded arrester* wire over the power conductors, as some sort of an iron 
support must be used. On a double circuit wood pole line this wire can be 
carried on the top of the pole, preferably installed on a pole top pin and 
insulator, the insulator merely being used to furnish a smooth support for 
the wire and to which it can be tied. Fig. 1 shows a typical single-circuit 
wood pole line for 66 000 volts. 

Among the other disadvantages of wooden construction are the increasing 
cost of poles in all sections of the country, the decreasing factor of safety 
of thfr line with age of the poles, and the difficulty of transporting poles in 
mountainous regions. 

For wood construction the cross arms should be of extra size. Iron pins 
with separable thimbles for cementing into the insulators should be used, 
and in general the construction should be the best in all respects. 

Concrete poles are coming into use, replacing wood, but they have been 
of such recent construction that no conclusion can be made regarding their 
durability. They will doubtless be used more and more as wood increases 
in price and more data is available regarding their characterstics. The 
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Fig. 1. — Typical 66,000 Volt Construction. Double Circuit Tower and 
Single Circuit Wood Pole. 
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practical disadvantages of concrete poles are their high first cost in manu- 
facturing, hauling and erection, and the difficulty of obtaining uniform prod- 
uct, as in any concrete work where so much depends on the personal equa- 
tion of the workmen. In many sections of the country it would be difficult 
to obtain the necessary materials, such as sand, stone or water within rea- 
sonable distance of the line and the high cost of transporting the poles from 
the point where made. There is also the problem of fastening the cross 
arms to the poles so that the fastening will be substantia* and not corrode. 
Wood and concrete poles lend themselves best to the use of pin type insu- 




Fio. 2. — 110,000 Volt, Single Circuit, Steel Tower. 

lators which may be used with reasonable safety up to 66 000 volts, beyond 
which voltage, suspension type insulators must be used. The latter require 
greater lengths of supporting cross arms on account of the tendency of the 
insulators swinging as pendulums about their supports, which increases the 
strain on the cross arm and the torsional effect on the pole. 

The use of steel towers is next in order, as we will not consider tubular 
or small built up latticed steel poles, the cost of which is too high to con- 
sider for high-tension line work. In some cases where the lines are run 
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along railroad rights of way, such as the New York Central, New Haven or 
Long Island R. R. in this vicinity, where the voltage is restricted to from 
11 000 to 22 000 volts, they may be used but their cost is very high. 

Steel tower, long-span line construction is the best in nearly all cases 
where private right of way or easements can be secured, and it is possible to 
use high voltage, so that the conductor is kept within a reasonable size. 
These towers should be made up of small structural shapes as angles and 
channels. Some engineers and manufacturers of towers make use of rods, 
flats and pipes, but it is best to use only angles and channels bolted to- 
gether in the field. Certain members, however, such as cross arms for hold- 
ing the insulator supports and the grounded wire support, may be made of 
2 channels latticed together and riveted in the shop, so that the whole mem- 
ber can be galvanized. The other members should be galvanized after the 
holes are punched, galvanized or sherardized bolts being used in all cases. 

In designing towers of this kind it should be borne in mind that they 
cannot be designed by ordinary structural or bridge formulas, as the factor of 
safety and deflection of the different members are so different, a factor of 2 
or 3 being used and deflections that would not be safe in other types of con- 
struction, so that the design is more or less the result of experience and 
tests on sample towers built up and actually tested with the different loads 
and combinations of loads that may be imposed in actual service. In mak- 
ing such tests, if the material for the test tower has not been galvanized, an 
allowance should be made as the strength may be decreased from 15 to 20% 
by galvanizing, bcause the shapes are so thin, ^-in., 3/16-in., and ^4-in. 
material being commonly used. 

Towers should be designed for the standard height and strength desired 
and then extensions of 10, 20 or 30 ft. designed to fasten to the bottom of 
the standard towers to make higher ones. These extensions should be ar- 
ranged to bolt to the corner legs of the towers without any drilling or fit- 
ting in the field. All towers should be designed to take the same wire 
strain as the standard towers, in fact, the strain in the wires and the clear- 
ance to ground should be kept constant and the sag and span varied. In 
this type of construction it is interesting to note that the cost of line per 
mile is practically the same for different heights of towers and lengths of span 
with the same size conductor and strain on it. This statement, of course, 
applies within certain limits and could not be used in all cases, but it works 
out with strains in wire and supports of about 2 000 lbs., with a 25-ft. clear- 
ance to the ground at the center of the span, that 50-ft. towers spaced as far 
apart as possible to give a factor of safety of about 2 in the minimum size 
of conductor used give about the most economical and reasonable height and 
strength of towers. These will give spans of from 575 ft. for No. 1 copper, 
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to 500 ft. for No. 4/0 copper. When the strain exceeds 2 000 lbs. in the 
wire it is necessary to increase the thickness of the material in the towers, 
which increases their cost and although allowing higher towers and longer 
spans, does not decrease the cost per mile. 

Double circuit towers of the ordinary construction support, six power 
conductors, one grounded wire and two telephone wires, such as shown in 
Fig. 3. The towers should withstand torsional strains due to one circuit 
being broken one side of the tower, or both circuits being broken on the same 
side, that is each tower should be a dead-end tower. Under these tests the 
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Fig. 3. — Double Circuit Tower, 66,000 Volts. 

steel should not be stressed beyond its elastic limit and no permanent de- 
flection of any member take place. In some cases it has been thought best 
to install dead-end towers at intervals of say y 2 mile, the intermediate 
towers being of lighter construction, so that they would probably fail if the 
wires were broken. It has always seemed to the writer that the slight ad- 
ditional cost of having each tower a dead-end or anchor tower is justified on 
account of the greater factor of safety in the line. 

When shipped the towers should be packed in bundles of about 200 lbs., 
unless some special difficulty prevails. All pieces should be plainly marked 
and the bundles arranged so that a complete tower can be delivered at the 
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site of erection without breaking bundles. Bolts, washers and other small 
parts should be shipped in boxes or kegs packed individually for each tower. 
It is usual to have the tower manufacturer supply the pins for pin type in- 
sulators and fastenings for the ground wire. The power wire pins should 
have separable thimbles that can be cemented into the insulators at the insu- 
lator factory. The telephone insulators can best be cemented direct to the 
pins. The grounded wire support is usually a mechanical clamp or smooth 
casting shaped like a cable top insulator, to which the wire can be tied. 

The spacing and location of wires differs for different voltages, but a 
safe rule to follow is that on long spans nothing less than 60 ins. be used 
up to 60 000 volts and this increased 1 in. for each 1 000 volts over 60 000. 
With suspension type insulators care should also be taken to see that when 
the insulators swing with the wind they do not come too near the support- 
ing structure. It is usual to assume them swinging to an angle of 45° from 
the vertical and in this position the wire should not be nearer the supports 
than 20 ins. for 60 000 volts, plus y 2 in. for each 1 000 volts over 60 000. It 
often happens that light wires, especially aluminum, will swing beyond 45°, 
in fact, the writer has seen wires blown out nearly horizontal, in which case 
the clearance mentioned above should be maintained with the horizontal 
position of the wire. 

The telephone circuit, if one is to be installed on the towers, should be 
located below the power wires and as far from them as consistent with the 
ground clearance. Power wires should be at least 22 or 23 ft. above the 
ground at the lowest part of the span, and the telephone wires might be 6 
ft. lower. This minimum clearance depends on local conditions. 

The anchors for the towers are always separate from the correr mem- 
bers and arranged to bolt to them, so that they can be set before the towers 
are erected. The best form of anchor consists of an angle about 6 ft. long, 
with a cross consisting of 2 pieces of the same material about 2 ft. long, 
bolted to it. This type will usually develop enough holding down power to 
satisfy the requirements in all kinds of ordinary soil. In soft ground spe- 
cial footings may be needed, depending on the local conditions, and if stones 
are available, it is well to place some large flat ones on the bottom pieces 
before tamping the earth in any kind of soil. When solid rock is encoun- 
tered, the tower legs can be held down by foundation bolts grouted into 
holes about 3 ft. deep drilled into the rock. 

The anchors need protection only at the ground line, and a good plan is 
to install a sleeve of grout about 9 ins. in diameter around them, extending 
6 ins. above and 24 ins. below the ground line, the top being carefully roofed 
to shed water. Some lines have special concrete anchors, to which the 
towers are fastened by holding down bolts, others have the entire anchor 
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encased in concrete and some have no protection whatever, hut the writer 
considers that the sleeve of grout will satisfy all requirements. 

In any kind of construction there may be cases in which special designs 
are necessary, such as crossings over telephone, telegraph and other cir- 
cuits, railroads, streams or long spans. The subject of crossings over rail- 
road, telephone and telegraph lines is now being discussed by joint commit- 
tees representing the National Electric Light Association, the American 
Railway Engineering and Maintenance of Way Association and the American 
Electric Railway Association, and standard specifications are being worked 
out which it is hoped may be adopted. 

Stream crossings or especially long spans are usually best worked out 
for each individual case. The chief difficulty in their design up to quite 
recent date has been of obtaining insulators of sufficient strength and insu- 
lating qualities to hold the conductors. Various methods have been used, 
one in which several pin type insulators are mounted in series to the top of 
which the cables can be fastened. With the introduction of suspension type 
insulators the problem was simplified somewhat, as several sets of these in- 
sulators could be used in multiple, but the insulator manufacturers are now 
prepared to make special units that will have sufficient strength and insula- 
tion in one piece up to 60 000 volts. 

For long spans, special cable is usually needed of high tensile strength, 
such as crucible or plow steel or one of composite material, consisting of a 
steel core with copper coating, which is good where the utmost tensile 
strength is not required and some conductivity is needed. In this long span 
work, the elasticity or spring action of the cable, as well as its temperature 
coefficient become quite important factors, especially if a certain clearance 
must be maintained, the first being the most important. In such cases it is 
best to make a series of tests on the material to be used to determine its 
elongation under various amounts of stress. With this data the actual 
length of cable in the span can be closely calculated, and the cable cor- 
rectly measured and cut to length. It is also -best to install turnbuckles in 
the cables to adjust them, so that they will hang parallel and allow for 
proper adjustment in length if not measured and cut correctly. 

For 1, 2 and 3 circuits, it is best to arrange the wires in a horizontal 
row and to omit the grounded wire. It has seemed advisable in some cases 
to install an extra conductor that can be connected in place of one of the 
others in case of trouble, but this seems hardly necessary if the proper fac- 
tors of safety are used in the design of the structures and cables. A typical 
stream crossing for a 2 000-ft. span is shown in Fig. 4, carrying 6 %-in. 
plow steel power cables and 2 %-in. plow steel cables for telephone service. 
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Coming now to the construction of the line, there are no especial fea- 
tures in wood pole line construction that are novel, and the location of the 
line on private right of way, some of which might possibly be rough, pre- 
cludes the use of derricks or other apparatus for raising the poles so that the 
method of raising them by hand with pike poles is ordinarily used. The 
cross arms, ground wire supports and insulator pins are usuafly put on be- 
fore the poles are raised and the insulators installed later, just previous to 
the stringing of the wire, to prevent breakage and loss by theft or otherwise. 




Fig. 4. — 2,000 Ft. Span Towee ; 66,000 Voi/rs, Double Circuit. 

Oftentimes for voltages of 35 000 or less, the insulators are installed when 
the poles are on the ground. 

The wires are usually strung by hand or with a team. If the ground is 
rough or aluminum wire is used, which is easily abraded by dragging on the 
ground, it is run through snatch blocks attached to the poles or towers, so 
that it does not touch the ground. Sometimes rollers are used which may 
be fastened to some parts of the cross arms or towers over which the wire 
can be hauled. Smaller wires can be hauled over wooden cross arms with- 
out injury to either, but the larger sizes are apt to injure the cross arms. It 
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is not wise to haul wires of any size over steel structures. After the wire 
has been hauled out in convenient lengths, depending on its size, it can be 
spliced, sagged and tied to the insulators. 

Care must be taken in the interval between stringing the wire and the 
turning on of current to prevent theft of wire. In fact, it is often advisable 
if current is* available at one end of the line to start work on this end, and 
at times when the workmen are not employed, to make the wire alive, so 
that anyone trying to steal the conductors will find them "hot." 

For concrete pole construction, the same conditions prevail, except that 
it is impossible to pike the pole into place and some sort of derrick or gin 
pole must be used. 

In the construction of steel tower lines after the clearing has been done, 
the station points for the towers are located from the office plot, and if sat- 
isfactory in respect to character of the ground at that particular spot, the 
center is located and stakes driven locating it and the corners of the tower. 
If it is found that the office location of the tower places it on a spot unsuit- 
able on account of the presence of boulders or local roughness requiring 
considerable grading to drain all four corners, it may be relocated and the 
adjacent tower locations changed slightly to compensate for this change. 

It is advisable to locate towers near highways and also near telegraph 
and other pole line crossings, so that there is a maximum clearance at these 
points. It is also desirable to locate them near property lines, So that in 
case there is any trouble with one of the property owners, the tower can 
be taken from his property and installed on the adjacent one. 

In the construction of the line, the holes are usually dug by one gang, 
and the anchors set and tamped in by, another. The anchors must be set 
correctly by means of a steel template, so that they will be properly spaced 
and have the proper inclination to take the tower legs. They must also be 
absolutely level, so that the tower will be perpendicular when ejected. If 
the sleeve type of protection at the ground line is used, a sleeve of thin sheet 
iron is installed when the hole is filled and tamped, within about 24 ins. of 
the ground line. The sleeve is then filled with grout and the rest of the 
hole filled with earth and tamped. The ground usually settles around each 
leg, so that it is necessary to fill the hole again after several weeks when 
the ground has thoroughly settled. 

The towers are assembled complete on the ground by one gang and 
erected by another gang, the erection usually being done by the use of a 
gin pole or derrick. In some cases two of the tower legs are fastened to 
their anchors by means of temporary bolts to hold the tower in position 
while being raised. In other cases a stiffening frame is fastened to all 4 legs 
and this frame fastened to the ground on 1 side during the raising process. 
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The erecting has to be done very carefully, so as not to drop or strain the 
tower, which is easily injured. 

The main insulators are usually installed just before the wire is strung. 
After the wires are strung as described before, they are ready to be sagged 
and tied. One of the bottom wires is ordinarily sagged by the use of paint 
spots on each tower, these being at the elevation of the lowest part of the 
wire catenary, being located from the profile of the line which has the towers 
and catenary lines drawn on it. A man climbs one tower until his eyes are 
on a level with the spot on this tower, sights at the spot on the adjacent 
tower and has the wire raised or lowered until its lowest point is at this 
level. The wire is then clamped fast and tied to the insulator. 

All the wires are usually installed at the same time and the telephone 
wires connected up for use with portable telephone sets, so that the con- 
struction gangs can keep in toucfc with each other and the construction 
office. 

The methods of fastening the wires to pin type insulators consist of dif- 
ferent ties or mechanical clamps. For ties the double, or so-called Mershon 
tie is good, especially for aluminum wire, where it is necessary to protect 
the wire for some distance beyond the insulator head against arcs from the 
upper petticoat. This tie consists of two ties, 1 on each side of the insu- 
lator. One end of the tie wire is started at the head of the insulator and 
served around the main conductor outward for 3 or 4 ins. ; the wire is then 
carried around the tie wire groove of the insulator and the end again 
served outward from the other serving, until the main conductor is covered 
for 3 or 4 ins. beyond the edge of the upper petticoat of the insulator. An- 
other similar tie is used on the other side of the insulator. It is usual to 
protect the conductor in the wire groove of the insulator with a sleeve of 
the same material as the conductor. This sleeve extends just beyond the 
head of the insulator. It is usually of U section, with the ends swaged out 
so that it will not cut the conductor, and when it is installed it is hammered 
down on the top so that it will be held in place. 

Mechanical clamps are also used, but in the writer's opinion, are not as 
good as the above tie, as they tend to cut and abrade the conductor and do 
not protect it from arcs. The above protecting sleeve and method of tie is 
especially desirable when aluminum wire is used, which is more easily 
abraded and effected by arcs than copper. 

For use with suspension insulators various types of mechanical clamps 
are used, designed so as not to injure the wire. 

The problem of obtaining satisfactory methods of splicing the conductors 
on long span work is a difficult one, as the strength of the conductor is lim- 
ited by the strength of the joint. The cable itself may have only 75% to 
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90% of the tensile strength of the individual strands and the joint only 
85% or 90% of the strength of the cable, so that the combined efficiency of 
the joint referred back to the tensile tests on individual strands may be from 
05% to 85%. In some rare cases, however, an efficiency of from 90% to 
92% has been obtained. The joints that seem best adapted to this work are 
the twist sleeve joints made longer than usual so that three or more com- 
plete twists of the conductor can be made. Care should be taken to see that 
no joints occur in especially long spans where the cable is stressed more 
than usual. 

After the wire has been strung and tied it is necessary to make a very 
careful inspection of the line to detect poor ties, broken insulators, etc. A 
careful, reliable man should climb every tower and inspect each insulator and 
tie carefully. Ringing the insulator with a piece of metal will usually 
detect cracked petticoats. 

Great care must also be used when the current is first turned on the 
circuit to see that no workmen are on the line and low voltage should be 
impressed at first and gradually raised to 15% or 25% above normal or 
whatever excess pressure can be obtained without injuring the apparatus 
supplying it. This should be done on open circuit at the receiving end and 
the circuit breakers should be set as low as possible during this time so 
that they will trip out easily in case of trouble. This excess pressure should 
be kept on for several hours and after this, normal pressure for several 
days if possible before any power is taken over the line for commercial 
purposes. During this preliminary period the patrolmen should be started 
on their duties and the station operators should stand their regular watches. 
If the substations are completed, the current can be switched into them and 
the transformers operated on no load, provided they have been dried out and 
are ready for voltage. In some cases the line has to be run on very low 
voltage for drying out the transformers in the substations on short circuit 
heat runs if no current is available there from other sources. 

The proper operation of the line is very important, as its reliability in 
regard to interruptions and service depends on the ease and quickness with 
which repairs can be made when accidents happen. No line can be con- 
structed that will not have shut downs occasionally and the best line is 
therefore the one that has the least number and for the shortest time. 

The causes for shut down are many — defective insulators being the prin- 
cipal one. These may be either broken mechanically or punctured electrically 
by surges or lightning strokes. Large pin type insulators seem to have a 
great attraction as targets for shot and stones. People also like to throw 
pieces of wire over the circuits to see the fireworks caused by an arc. These 
things are hard to prevent, but if a few offenders are caught in the act, 
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arrested and taken to court, it usually lessens the trouble. In many cases 
if the public is properly instructed through the newspapers or otherwise, 
that the operation of factories, electric lighting systems, etc., depend on the 
transmission lines and are told that they are causing other people hardship 
when they do such things, it often happens that they will see the reasonable- 
ness of the request and will not cause any more trouble. 

Other causes of interruption are the arcing over of insulators or wall 
bushings under snow or rain conditions, together with an excessive rise of 
potential at the same time. This can be lessened by using insulators having 
a large factor of safety, three being usually sufficient. Several different 
schemes have been proposed to discharge the line temporarily before the 
power arc has an opportunity for puncturing or destroying the insulator 
when excessive potential arises and causes spillovers. Experiments are being 
made with "phase protectors" to ground one phase when this action takes 
place without interrupting the service. One large power company is equip- 
ping all its insulators with so-called arcing rings, which consist of a grounded 
ring surrounding the lower petticoats of its pin type insulators at some 
distance from the petticoat, to which any power arc will jump from the 
head of the insulator, thus saving the insulator from the effects of the power 
arc playing over its surface. 

Large birds often short circuit or ground the line by flying into it or by 
resting on one of the lower wires and getting their heads into the upper wire. . 

Salt fogs together with dirty insulators formerly caused trouble, but 
with the modern design of insulators using greater factors of safety, this 
cause is practically eliminated. 

Lines located near cement works or other factories causing fine dust need 
very careful attention and frequent cleaning of the insulators. 

The charring or oxidizing action on wood pins is also a frequent cause 
of trouble, and in the writer's opinion only iron pins should be used on high- 
tension lines. 

Occasionally wires break due to defects in material, but such accidents 
are rare, as the factor of safety should take care of most cases of this kind. 
Careful inspection during construction also tends to prevent this trouble. 
The failure of the supporting structures is also a rare occurrence if they have 
been properly designed and if their footings have been properly set. 

Careful patrolling has much to do in lessening mechanical troubles on 
the line. Important lines should be gone over every day and others not so 
important twice a week, although some sections of the line particularly sub- 
ject to trouble should be patrolled oftener. 

Supplies for repair work should be located at about 2-mile intervals 
along the line so that they can be reached easily and carried to the break in 
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a short time. Each patrolman should carry a portable telephone set, some 
few tools, including a come-along, 1 or 2 wire splices, 2 or 3 tie wires and a 
grounding chain for grounding the line when he is working on it. 

Small houses or booths should be placed at intervals with stationary 
telephones installed in them. They should also contain repair supplies and 
in cold climates, a small oil stove and some canned goods, coffee, ,tea, etc., 
for the convenience of the patrolmen. At junction points or other special 
switching towers, it is advisable also to provide sleeping quarters for one 
of the patrolmen so that he will be available at night to operate the switches, 
which are usually of the knife-blade type. Telephones should also be in- 
stalled in all patrolmen's homes so that they can be reached at any time. 




Fig. 5. — Typical Sectionalizing and Branch-off Structure; 66,000 Volts. 

The circuits should be sectionalized at least every 10 miles by discon- 
necting switches, and at all branches, the main circuit should be sectionalized 
and switches installed in the branch line. Such a structure is shown in 
Fig. 5. The main circuits are sectionalized and a branch taken into the 
substation. Made-up jumpers should also be kept at these points so that 
the good wires of a section can be used by connecting them to the similar 
wires of the other circuit, provided it will take several hours to repair any 
break. 

An important junction points oil switches instead of disconnecting 
switches should be installed on the branches so that the circuits may be 
switched under load. These should preferably be made automatic so that 
any trouble on the branch will not interrupt the main line. Such switches 
may now be obtained suitable for installation out of doors so that no 
houses are necessary. 
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Another problem is that of cutting out one of two circuits operating in 
parallel at both ends, leaving the other in service. This can be done by 
means of reverse current or differential relays if there is a source of power 
at both ends to keep the voltage up, but when the receiving end has no 
generating capacity the problem is more difficult. This is being worked 
out, however, and it is hoped that a solution may be found in the near 
future. A successful apparatus of this kind would greatly lessen interrup- 
tions to service on the majority of transmission lines or other systems where 
two or more circuits or feeders are being operated in parallel. 

One of the greatest adjuncts to successful operation is a reliable telephone 
system. This should be located on the right of way of the line so that the 
patrolman can reach it easily and should be installed on a separate line of 
poles if possible, located as far from the high tension lines as the width 
of the right of way allows. Often times, however, it is impracticable on 
account of the cost of construction or pole rights, or width of right of way 
to have a separate line of this kind and so the telephone circuit is installed 
on the same structures with the high tension circuits. This naturally brings 
the telephone lines near the high tension wires so that the static and 
magnetic effects from the power wires are of considerable amount, requiring 
special apparatus for the protection of the instruments and persons using 
the telephones. This problem is being solved gradually, however, and it is 
thought that reliable lines will be secured eventually. 

It is often advisable to have the telephone system also fitted for opera- 
tion with telegraph instruments so that, in case the telephone instruments 
are out of order or one wire is grounded, signals can still be sent over the 
good wire and the ground. Long distance telephones of the Bell or other 
systems should be installed in the power houses, substations and other im- 
portant points for use in emergencies. 

All instructions for operating the system should come from a head dis- 
patcher, who should be available at all times for issuing orders for the 
regular routine and in cases of trouble. This obviates all chances of con- 
fusion in switching and in getting the line back into service after an 
interruption. 

The costs of construction vary so widely, due to local conditions, trans- 
portation, cost of materials and labor, section of the country in which the 
work is to be done, etc., that the writer hesitates giving anything but a few 
comparative costs, based on average conditions. However, a few costs of 
this kind may be interesting and in the table below is given the costs per 
mile of several different types of construction for a three-phase 60 000-volt, 
60-cycle circuit with No. 1 copper wire and suspension insulators, using 4 
10-in. discs together with a suitable grounded conductor carried above the 
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circuit. These figures do not include the cost of right of way, surveys, 
engineering or contractors' fees : 

One single circuit wood pole line $2 550 per mile of route. 

Two " " " " " 5 100 " " " " 

One " " steel tower " 2 950 " " " 

Two " " " " " 5 900 " " " " 

One double " " " " 4 600 " " " " 

" "(with one 

circuit installed) 3 700 " " " " 

The above estimated costs are based on the use of 40 ft. 8 ins. top 
chestnut poles spaced 175 ft. apart, the grounded wire consisting of No. 8 
copper-clad wire, with the main wires supported on steel cross arms and 
the grounded wire on the top of the pole. The single circuit steel towers 
have bases about 14 ft. square and the lower wires 50 ft. from the ground 
spaced 500 ft. apart with No. 4 copper-clad grounded wire. The double 
circuit steel towers have the same characteristics as the single circuit. 

From the above figures, may be noted the slight increase in cost of a 
single circuit steel tower line over a wood pole line. Also the saving in cost 
of a double circuit steel tower line over 2 single circuit wood pole lines 
or steel tower lines, so that, in the writer's opinion, the double circuit steel 
tower line is the one to install in most cases where two circuits are needed, 
unless the system is a very important one and the initial expense of two lines 
on separate routes justified in order to secure continuous service. 

DISCUSSION. 

Mr. Donnelly. — I wish to express my appreciation of the very great care 
that is shown in the preparation of this paper and the valuable detailed in- 
formation which it gives us relative to high-tension lines on the Pacific 
Coast. I am perhaps more particularly impressed from the fact that I have 
just returned from a visit to Los Angeles, San Francisco and Seattle, and 
have had an opportunity of seeing some of the lines referred to. I was told 
that in the neighborhood of San Francisco it is necessary to have men to 
remove the dust from the insulators and I should like to hear if Mr. Gray 
has any information on this subject. 

Mr. Gray. — That is perfectly true. We have had that trouble out there. 
The dust in that country will accumulate, especially in the long dry seasons. 
There is another cause for this condition, and that is, from the locomotive 
oil. When the locomotive stops and starts it throws a lot of oil globules 
out of the exhaust and they will collect on top of the insulators, where a 
lot of dust has already accumulated, and a solid substance is formed. I 
think I have already mentioned about wires located near cement works. On 
the Niagara, Lockport & Ontario line the insulators have to be wiped off 
every week during the dry season in such places. 
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Mr. Wreaks. — Do you have any trouble with copper wiring being 
eaten away — giving out 

Mr. Gray. — Not at all. 

Mr. Wreaks. — I heard of a case not very long ago where some people 
had trouble with some stranded copper wire with hemp core. Have you had 
any trouble with that kind of wire? 

Mr. Gray. — We have never had any trouble of that kind. We have 
never believed in the hemp core and never used it ; use copper core in pref- 
rence. Sometimes when we do not need special strength, we use 6 strands of 
hard drawn and a softer core. I believe some people claim to have had 
trouble who use the hemp core, which has been soaked in oil. I do not 
know anything about it personally. 

Mr. Wreaks. — Does not the salt air cause the bare copper wire to 
corrode? 

Mr. Gray. — It does to some extent; that applies also to aluminum. A 
great many make complaints about aluminum wire, stating that it corrodes 
after being exposed to salt air : That is perfectly true. However, I know of 
some aluminum circuits installed in the coke regions in Pennsylvania, 
where there is all kinds of sulphur in the air, and this wire seems to keep 
in good shape. 

Mr. . — You allow about 25% shorter span near special towers? 

Mr. Gray. — Something in that neighborhood; just enough to allow for 
lower wire stresses on the special structure. 

Mr. Donnelly. — While in the West I was impressed with the difference 
between the unit cost of electricity on the Pacific Coast and the prices rul> 
ing here. Can Mr. Gray give us the relative cost? ** 

Mr. Gray. — That depends altogether upon the cost of the entire develop- 
ment, including water rights, cost of hydraulic development and transmis- 
sion lines. There is one reason why water power is used in the West. 
Fuel is very expensive, and when you get away from the oil fields the cost 
is still more higher. 

Mr. Donnelly. — Boats are operated between Seattle and Tacoma with oil 
as fuel at 80c. a bbl., and oil is used in Seattle for generating electricity to 
take care of peak loads. I was also told of an instance where current for 
pumping water used in re-grading was supplied at 4/10c. per kw. hour. 
This was for 24-hour current, and is considerably below anything I have 
heard of in the East. On account of the high price of labor in the West 
and the unusual facilities for obtaining water power, I believe there will be 
very large developments of electric power in that part of the country. 

Mr. Gray. — Yes, oil decreases the cost of production where large storage 
is not necessary, or where it can be secured without paying excessive freight 
rates. 
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PHYSICAL APPRAISAL 



By William C. Boyrer, Mem. B. E. C. 
Presented May 11, 1911. 



The subject of physical appraisal is one that has become of general in- 
terest in connection with the subject of municipal control of public utilities. 
The obtaining of a valuation of the physical property of a public utilities 
corporation necessitates, however, the consideration of many features, some 
of which are of a rather vague nature. 

Supposing for argument's sake that the market value of the physical 
property belonging to a public service corporation could be determined 
definitely for the period during which the appraisal is made, it is perfectly 
evident that this market value would depend largely upon the use to which 
the property is put. For example, the market value of a car barn used as a 
car barn would be very different from that of the same barn considered as 
residential property. Therefore, no definite value can be placed upon a piece 
of property, unless it is distinctly understood that the nature of its service 
remains fixed. This is the assumption upon which the following discussion 
is based. 

Physical appraisal may be determined in several ways. The market value 
of the property at the time of appraisal may be sought. This value is very 
indefinite, as it may mean anything from that placed upon it by a buyer who 
intended to continue its original use to that placed upon it by the "junk 
man." Again, the original cost to produce the property may be sought. This 
is difficult to obtain with any degree of accuracy since if the property had 
been in service for any length of time, many pieces of apparatus originally 
installed will have been replaced; and should it so happen that the books 
of the corporation in question have not been kept in such a manner as to 
reveal the cost of this apparatus originally installed, together with the 
method of disposal of the charge upon its removal, no knowledge can be 
obtained as to the proper charge aqgainst the items. 

At the present time, the tendency seems to be to regard the cost to 
reproduce new, as giving the most accurate knowledge as to what the value 
of the physical property of a corporation should be taken at. This quantity, 
if carefully obtained, will represent the outlay necessary for a competing 
concern to duplicate the service given by the corporation in question. 

From the cost to reproduce new, the present value of the property can 
be determined by making the necessary deductions to cover depreciation or 
shrinkage in value during the time the plant has been in service. In thus- 
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calculating the depreciation, whatever value the property may have when 
sold as junk is deducted from the cost to reproduce, it being considered that 
the junk value does not depreciate. The remainder is called the "Wearing 
Value" and upon this the depreciation is figured. The difference between 
the Wearing Value and the Depreciation is called the "Remaining Wear." 
The sum of Remaining Wear and Junk Value gives the Present Value. 

In making an appraisal, the information sought will depend upon the 
reason for which the appraisal is made. There are four reasons for which 
appraisal may be made : 

L Reorganization or Stock Issue. 
IL Bond Issue. 

III. Rate Determination. 

IV. Sale of property. 

I. In the case of reorganization or stock issue, it becomes necessary to 
determine whether or not there be sufficient physical property to protect the 
purchasers of the stock. Therefore, the determination of Present Value is 
essential. 

II. In the case of a bond issue, the essential fact to determine is, to what 
use the money derived from the sale of bonds is to be put. This necessitates 
a determination of the Cost to Reproduce, together with Depreciation. It 
must be ascertained that the growth of the service is sufficient to warrant the 
increase of capital covered by the bond issue, and that the money so derived 
is actually put into plant and property, and not used for maintenance or the 
payment of dividends. 

III. In the determination of allowable rates, the point to be ascertained 
is whether or not the corporation in question is earning a fair income on the 
capital invested. In view of this fact, it is important to determine the 
original cost. Since the net income depends upon the gross income and the 

-operating expenses, it is necessary to inspect both of these accounts. This 
naturally leads to a determination of the cost to reproduce, depreciation and 
present value. 

IV. In considering a sale, the question to decide is, what is the market 
price of the property at the time the sale is considered. 

The subjects^ Original Cost, Cost to Reproduce, Depreciation and Present 
Value having been touched upon in outline, it will now be necessary to con- 
sider the component parts of which each one of these quantities is made up. 

Original Cost represents the total expense of placing the company in a 
position to earn a revenue on the capital invested. This expense would 
naturally sub:divide itself into two division, the physical property with which 
the plant is equipped, and all other expenses necessary to enable this 
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property to be put to the use for which it was intended. The first sub-division 
is called "Tangible Capital" ; the second, "Intangible Capital." 

Tangible Capital can be again sub-divided into "Fixed Capital" and 
"Floating Capital," "Fixed Capital" being taken to mean capital which has 
an expectation of life in service of more than one year (exception being 
made of hand and other small portable tools liable to be lost or stolen) ; 
Floating Capital is taken to mean everything other than Fixed Capital. 

Intangible Capital covers the expense other than that represented by 

Tangible Capital, which was necessary to enable the concern to start business. 

It may be sub-divided into that incurred during the development period, and 

that incurred during the construction period. It may be outlined as follows : 

Development Period : 

Rights : 

Expense of development organization, legal and technical depart- 
ments. 

Cost of property owners' consents. 
Capital : 

Expense of development, organization, legal and technical depart- 
ments. 
Interest on development expenditures during the development period. 
Rights : 

Expense of permanent organization. 
Initial payment for franchises. 
Capital : 

Permanent organization as above. 
Payment to underwriters. 
Interest on development expenses during construction. 
Construction Period : 

Interest and taxes during construction. 

Tangible Capital being represented by the physical property in possession 
of the corporation in question, can be determined by inspection. In so doing, 
the information should be obtained in such a way as to reduce the subject to 
questions of fact. For example, the land areas can be measured ; the 
dimensions of the buildings and the materials of their construction can be 
ascertained. Similarly, the number and capacity of the generating station 
units can be determined by inspection, so that when the survey of the tangible 
property has been completed, the information is in such shape as to leave no 
room for questions of expert opinion. 

Intangible Capital, as may be seen from the statement of the items which 
go to make it up, can not be determined in the same manner as Tangible 
Capital. Some information may be obtained from the records of the corpora- 
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tion covering the development period; but, be these records kept never so 
well, there will be found very few reliable methods of checking the informa- 
tion obtained from them. Comparison may be made with similar records of 
other corporations, but after all, the whole matter will hinge on the question 
of expert opinion. This uncertainty as to the accurate cost of Intangible 
Capital offers one obstacle against the accurate determination of the Original 
Cost. 

In calculating the Cost to Reproduce, it is evident that some considera- 
tion must be given to Intangible Capital, since it represents part of the cost 
necessarily incurred by the corporation under consideration in order to put 
itself in a position to do business. This item taken together with the Cost 
to Reproduce the Tangible Capital represents what is sometimes called the 
"going concern value." 

In calculating the Cost to Reproduce the Tangible Capital, proper unit 
prices can be applied to the items found to exist upon inspection. In placing 
unit prices, fluctuations in market values, should be kept in mind. To guard 
against giving the corporation undue advantage of an unusually low market 
at the time of construction and an unusually high market at the time of 
appraisal ; or to prevent putting it to the disadvantage of an unusually high 
market at the time of construction and a low one at the time of appraisal, it 
has been decided to take as unit prices, an average of 5 years, dating back 
from the time of appraisal. 

To this Net Cost calculated in the manner described above, are added 
percentages to cover the contractor's profit, and the cost of engineering, ad- 
ministration and superintendence. The magnitude of these percentages will 
depend upon the nature of the work and the manner in which it is performed. 
In cases where the bulk of the construction work is planned and executed by 
the contractor, the percentage allowed for engineering by the corporation 
will naturally be smaller than would be the case where the corporation does 
its own planning. In some cases, both the contractor's profit and the en- 
gineering expense appear in the contractor's bill, the corporation's account 
showing only a small charge for superintendence and administration. 

On the other hand, where the corporation employs its own engineering 
force to plan the work in detail, draw specifications and inspect the work of 
construction, the allowable percentage for these items will necessarily be 
higher than would be the case when this work is performed by the contractor. 
Concensus of opinion seems to have fixed the allowable percentage for 
contractor's profit at 10% and 15% for engineering, superintendence and 
administration. 

In determining the Present Value, the question of Depreciation and Scrap 
Value must be considered. Depreciation might be defined as the shrinkage 
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in value due to wear, obsolescence and inadequacy. It is a recognized fact 
that any manufactured article will depreciate in value with age, where age 
brings into play one or all of these three factors. One method of determining 
depreciation is to take the quotient of 100 divided by the life in years. This 
method assumes that the item in question will be made use of during its life, 
and when this expires will be replaced by a new one. 

If apparatus were thus actually maintained in service until worn out, and 
an accurate knowledge of its life thus obtained, the true depreciation could 
be calculated by this means. As a matter of fact, very few items which go 
to make up the working mechanism of a public service plant are actually 
"worn out." They are rather superseded by newer types, which are cal- 
culated to be more efficient, or which have a capacity for handling a larger 
volume of business. Take, as an example, the rails used by a street railway 
company. At the time when the company started service, horses were the 
motive power, while the cars were the old type of four wheelers used in this 
class of service. The rails were correspondingly light. The road becomes 
electrified and heavier cars are put into operation ; consequently heavier rails 
are needed. The old horse car rails, be they never in such good condition, 
are replaced by heavier ones. Again, as traffic grows, the cars must be made 
larger to meet it, and the rails must again be replaced by those built to 
withstand the heavier shocks not only, but better suited to afford a return 
circuit for the increased flow of current. The same process is followed out 
with the car bodies and equipment, not only, but also with the power stations 
and power station equipment. There are street railway companies in many 
large cities that have power station buildings equipped with complete steam 
plants and belt-driven railway generators of the 550-volt direct-current type, 
lying idle, because superseded by newer and more efficient apparatus and 
buildings to accommodate it. In many cases, this idle apparatus is in ex- 
cellent state of preservation. 

Nevertheless, it must be conceded that apparatus tends to "wear out," 
even if it never actually does so ; and that its value shrinks with age and 
use. If the amount of this shrinkage due to wear could be accurately deter- 
mined, and if the length of time required for supersedure could be calculated 
accurately, the problem of depreciation could also be determined very accu- 
rately. Unfortunately, this condition does not exist. The wearing life can 
only be guessed at very roughly ; and the length of the period before super- 
session takes place can only be guessed at even more roughly. 

Some authorities consider that a piece of apparatus properly maintained 
does not depreciate in value so long as it performs the functions for which 
it was designed, and that it, therefore, should be carried upon the capital 
account at the original cost. They argue further, that, therefore, no fund 
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need be set aside from year to year to cover this shrinkage, considered by 
those who hold a different view to exist. 

The danger in this theory lies in the ambiguity of the meaning of the 
word "maintenance." Maintenance may be taken to mean the labor and 
material necessary to keep in working order, those parts of a plant "usually 
considered liable to trouble" Or it may be taken to cover, in addition, the 
cost of repairs to the whole plant. It may even be enlarged to cover re- 
construction. Again, if when repairs are made or reconstruction carried on, 
the defective items are replaced by items of the same type, then nothing is 
done to cover the shrinkage due to obsolescence, and inadequacy. Return- 
ing for a moment to the meaning of the word "maintenance," let us see 
what effect it has upon the subject. If this item is taken to mean the keep- 
ing in working order of those parts of a plant usually considered liable to 
trouble, it will cover in the case of a railway company, the cost of labor and 
repair material of the generating station force, that of the force in the repair 
shops, that of the track department, and that of the line department 

If the maintenance department be properly organized and equipped, the 
work performed by it from year to year and the consequent cost will be 
sufficient to repair all so-called "necessary trouble," itself a very elastic 
term. It will not, however, be sufficient to take care of the unusual wear 
an<3 tear, which can not be noticed as it accumulated, and damage due to 
accident. As evidence of this fact; many corporations have to open, from 
time to time, a repair or reconstruction account, to cover this class of 
deterioration. 

As proof of the above statement, it will be well, at this point, to inquire 
how the knowledge that replacements are necessary, is obtained. Take, for 
example, a pole line. The inspector goes over the line periodically prodding 
the pole to determine the nature of the wood, and ordering replaced all those 
that are shown to be defective by this means. There will be a number of 
poles, however, that will have developed "hollow heart" in the meantime, and 
which have escaped his notice. In this case, the cost of maintenance on the 
pole line will cover only the replacements ordered by the inspector, although 
that same line contains many poles that have depreciated unnoticed. A 
heavy sleet storm, with unusually high wind, brings the depreciation of 
these poles to light, with the result that a reconstruction account is opened 
for the purpose of covering the cost of repairing the damage. 

It seems evident, therefore, that no matter whether a plant is maintained 
properly or not, in the ordinary acceptance of the term, there will always be 
a certain amount of depreciation which can not be detected until breakage 
occurs, and against which it is always necessary to provide financially. 

Taking obsolescence and inadequacy into consideration, no maintenance 
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account, no matter how cleverly worked out, nor no matter how broadly it 
covers the cost of replacement due to wear and tear, will provide for re- 
placement due to these two causes. In most cases, it is impossible to esti- 
mate with any degree of accuracy, the useful life of a piece of apparatus 
before it becomes obsolete or inadequate ; because many unknown factors 
enter into the problem. The useful life depends upon the growth which in 
most cases is difficult to predict. It depends upon the activity with which 
more efficient apparatus is gotten out ; and lastly, the taste and fancy of the 
man who decides upon the substitution of apparatus for the corporation. 

In view, therefore, of the above considerations, it is evident that a fund . 
should be set aside to provide against depreciation due to invisible deteriora- 
tion and that due to the liability of supersession. It can be considered that 
since the replacement of physical property goes on constantly, a time will 
come when all the original apparatus will have been withdrawn from use. 
When this cycle has been completed, the total depreciation at any one time 
will be 50%. This condition only obtains strictly with such pieces of ap- 
paratus as are being constantly replaced by others of the same type, as, for 
example, rails. 

In this case, if the original cost be plotted on the vertical scale, and the 
life in years on the horizontal, the amount annually set aside to cover depre- 
ciation will be represented by the distance between a line joining these two 
points and a horizontal line drawn parallel to the axis of age at a height 
equal to the original cost. If obsolescence and supersession are taken into 
consideration, the line of depreciation will no longer be straight, but will 
curve with its concavity downward, intersecting the axis of age, at a date 
earlier than would otherwise be the case. Here the vertical distance be- 
tween the straight and the curved lines represents the additional sum to be 
set aside to cover these other two factors. 

If the money set aside to cover depreciation be put out at compound in- 
terest, it will create a sort of sinking fund, which should equal the original 
apparatus when its useful life has been reached. The amount so set aside 
may be calculated as follows : 

D=Rate of depreciation expressed as a percentage of the first cost. 

R=Rate of compound interest. 

n =Assumed life of apparatus in years. 

B=Ratio of value of old material to that of the apparatus when new. 

TheD 100R (1 — b) 



(14-R)» — 1 
For example, suppose we want to put a small power plant at a mine, 
which we believe will be exhausted in 10 years, and the plant will cost 
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$5 000. Assuming that the scrap value of the equipment will be $750 when 
its useful life is ended, how much must be set aside each year at 3% com- 
pound interest to amount to $5 000 minus $750, or $4 250 at the end of 10 
years. In this case 



hence 



B=$750-f-5 000=0.15 ; 



100 x. 03 (1-— .15) 100 x. 0255 2.55 
D = = 7.41% 



(1 + .03) 10 — 1 1.344—1 .344 

and 7.41% of $5 000=$370.5O, which if set aside annually for 10 years at 
3% compound interest will equal $4 250 at the end of that period. 

The possession of Scrap Value is necessary to determine the Wearing 
Value from the Cost to Reproduce, as has already been stated. Its method 
of determination will, therefore, be considered briefly. The. one determining . 
factor governing scrap value is the cost of the labor necessary to be per- 
formed by the junk dealer in order to get the material into marketable shape. 
It is, therefore, essential to consult the junk dealer upon this subject ; an 
itemized list should be made up, stating the weights of the various materials 
to be considered, together with a statement of the sizes of the parts and all 
the information necessary for him to calculate the labor item. Where more 
than one junk dealer exists in the locality, all should be consulted and an 
average of their estimates taken as a fair value. When this has been done, 
the work of obtaining scrap value may be considered finished. 

DISCUSSION. 

Mr. Wildek. — Depreciation is the most difficult part of an appraisal to 
determine or estimate. It is easy enough to look at an engine and say that 
it will last about 20 years, but that is very largely an opinion, as there are 
very little reliable data at hand on which to base such estimates. 

In view of the fact that the Governments of the various States, as well 
as the United States, are beginning to prescribe how public utility corpora- 
tions shall be organized, and what kind and quality of service they shall ren- 
der the public, as well as the recompense they shall receive for their serv- 
ices, it becomes necessary to obtain some idea of the value of their plants. 

There are several values to be considered, namely : 
The Original Cost to the company. 

The Cost to Reproduce a plant of equal capacity and efficiency. 
The Present or Depreciated Value. 

The Original Cost can only be obtained from the company's records. 

The Cost to Reproduce of the Tangible or Physical Property may be ob- 
tained fairly well in the manner Mr. Boyrer has outlined. The Intangible 
or Organization Cost is extremely difficult to determine, as there are almost 
no reliable statistics available on this subject. It has been variously esti- 
mated at from 15% to 50% of the Cost to Reproduce of the Physical 
Property. 
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The Present Value of the Tangible Property may be determined partly 
on some elapsed life basis and partly on the basis of obsolescence of the- 
apparatus involved in the plant. It is impossible, however, to accurately or 
perhaps even approximately estimate depreciation which has or will take 
place, due to obsolescence, as such depreciation is dependent largely on the* 
progress of the art, and to a lesser extent, on the growth of the business. 

There are numerous instances of electric lighting plants built 10 years- 
ago and equipped with reciprocating engines, which have been abandoned for 
the large turbine units. This could not be foreseen 10 years ago; neither 
can it be determined today whether the gas engine with its gas producer 
plant will displace the turbine and steam boiler within the next 10 years*. 

The question, therefore, as to what depreciation a company shall allow 
for obsolescence is one that has not and probably will not be answered for 
a long time. 

Some companies do not consider it necessary to set aside any fund to* 
meet depreciation, depending entirely on providing for renewals out of earn- 
ings, and that so long as a piece of apparatus can be used or operated effi- 
ciently, it should be carried on the books at its full value. As to whether 
such a policy is sound, depends somewhat on the size of the company. 

To illustrate that point, suppose a street railroad company goes into 
operation with 100 cars, and has no occasion to materially increase the 
number. The life of a trolley car operating in a city like New York is f romi 
18 to 24 years. If no fund is set aside with which to renew these cars, then 
at the end of 18 years, the company will have to draw very heavily on its- 
earnings to renew practically its entire car equipment in perhaps 2 or 3 
years. If, however, the company's business should increase very rapidly 
and they should purchase additional cars from time to time, then when the 
time came to renew the first 100, the annual earnings would be so large 
that the renewal of 100 cars during 2 or 3 years would not be a serious, 
drain. 

There are so little reliable data on the general subject of valuation and" 
depreciation, that no fixed rules or procedure can be prescribed or followed. 
Each case must be handled according to the conditions found to exist. As- 
we progress, however, information and data will accumulate which will un- 
doubtedly shape policies and methods that will be more than individual opin- 
ions. Meanwhile, the more the subject can be discussed by engineering or- 
ganizations and others interested in the subject, the more rapidly will these* 
policies and methods crystallize into shape and become established! 
precedents. 

Mr. Merritt. — I don't think I could add anything to what has been said,. 
Mr. Roberts. I think the subject has been pretty well covered. 

Mr. Wilder. — I do not agree with Mr. Merritt. I believe the subject 
can not be covered in so limited a time, and there is a great deal more that 
can be said on the subject. 

Mr. Chevalier. — I cannot offer anything of value, Mr. Roberts, on the 
subject, but it has always seemed to me that the method of obtaining depre- 
ciation in itself is rather fallacious, because the present value seems to me 
would depend a great deal upon the use to be made of it. For instance, if 
an apparatus is put in a plant for manufacturing an article or for electrical 
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^work, and after a year of service you can say that its value for producing 
what it is intended to produce is practically the same as when it was put 
in, you can state it as an asset. If you try to dispose of that piece of 

--apparatus, you could not realize what it cost, and if you wanted to charge 

-off depreciation it would seem that it would be a much larger proportion 
taken off. Aside from that you can nowhere get the -money for it that you 

-could get in service if you keep on using it. 

Mr. Wilder. — In determining depreciation upon a piece of apparatus, 

.- such as mentioned, it must be kept in mind that this apparatus is to be used 
for the purpose that it is being used — as for instance, an electric plant. 

" The electric light plant has a certain value with the business that it does. 
If we take that business away at any time we simply have a pile of scrap 
which would only have a salvage value. Therefore, in determining a depre- 

~ ciation on a corporation like public utility corporations, I believe it is neces- 
sary to consider that it is going to continue doing the work that it is then 

'doing. If you make an appraisal for the purpose of determining what the 
plant can be sold for, you have a sale basis on which you make the ap- 
praisal. If you are going to appraise it as present value and determine 

- whether you are going to issue stock or bonds, you must assume that it is 

• to continue with its present business. 

Mr. Ould. — I am afraid, Mr. Roberts, that I have nothing to offer just 
now. I am much interested in depreciation. It is a thing I have had to 

r- give some thought to always, for it is certainly a very interesting one. Here 
is a thought which comes to me now which has nothing to do with public 
utilities, but which has a bearing on it, and since we have a number of 

-gentlemen here whom I think can tell something about this, I would like to 

"•-know how you reckon depreciation on a plant which has been given you. 
You take, for instance, such a plant as the new public library. There is 
a plant which I understand has been practically given to the trustees of that 

v institution by the City of New York. The trustees in a case such as that 

'had to put up no money at all for it. The time will come when they will 
have to replace it — would that come under the same general law as those 
-others which we have been discussing? That to me is an interesting one, 
because there are a number of plants which really fall under that category. 
For instance, you take such things as hospitals, schools, colleges and many 
- of those things are given, and given in a funny way. I remember a circum- 
stance in New York, where a gentleman in New York put up a great deal of 
money and didn't give a cent to run the institution or to take care of depre- 
ciation or maintenance. I ask the question for information, for I have 
given considerable thought to it in trying to arrive at the correct amount to 
set aside for just such things. 

Mr. Bother. — I think it could be handled the same as the other cases. 

' Somebody has to pay for the building. Handle it just the same as the others. 
Mr. Ould. — Setting aside money, or having to get an income, or taking 

a portion of the income for depreciation, or setting aside for depreciation, 
how can you reckon in as percentage of original cost when you did not pay 

it? 

Mr. Wilder. — I think you have to assume whether you will reproduce it 

or not at the "time it wears out, and if you are to keep it intact, you have to 
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provide some means of renewing such apparatus as it wears out. It would 
be better to put aside an amount each year. Take each piece of apparatus 
and get such data as you can on the life of this apparatus, sum it up and 
set aside an amount each year, and from it you could draw from time to 
time to renew the parts as they come due. In doing that you could invest 
that part not needed until the latter part of the plant's life at compound 
interest, which will help to produce the amount required to renew it, and 
that will reduce the amount you have to set aside each year. 

The first cost of a plant has been determined wherever possible, and not 
only the first cost, but the value of the plant from year to year as the time 
goes on, in order to determine if possible whether the company has been 
able to pay reasonable dividends on their investment. If they have not, in 
the opinion of some, the company is entitled to capitalize the amount they 
were unable to pay in dividends, in order that the investor may get a fair 
investment. I know of only a few cases where it has been possible to deter- 
mine the first cost. The ability to determine the first cost only in a few 
cases has been able to be done. A great many companies carry on their 
books apparatus that has gone out of business long ago and have been re- 
newed out of their earnings, so that is one of the difficulties in determining 
the first cost. In determining the cost to reproduce for purposes of rate 
making or for stock or bond issues, the original cost is practically disre- 
garded, except in some cases for the purpose of guiding you as to the prices 
that you are paying for it. A fair way seems to be to figure up the cost of 
reproduction, based on an average price of material and labor during the 
preceding 5 years, so that you can give the company the benefit of the fluctua- 
tions of the market. The item of first cost has been so far a very indefinite 
value, and has been used very little except where the company's records 
have shown clearly what the cost of the property has been from time to time. 
In getting the present value, you sometimes includes apparatus that you do 
not include in the cost of reproduction. If you have certain apparatus lying 
idle in your plant, or setting out in the yard ready to be sold, if you are to 
reproduce the plant today you would not reproduce those articles. But if 
you want to determine whether the company can safely issue bonds, that 
apparatus is considered as an asset so long as it stands there, and on it you 
will put a salvage value and include it in the present value. 

Mr. . — Depreciation a railroad system : The main line track 

would wear out in 10 years and have to be replaced, would it be right to 
allow 10% for depreciation per year during the 15 or 20 years, or deprecia- 
tion on the average or whole thing or separate division? 

Mr. Wilder. — There is a theory on the subject of track somewhat dif- 
ferent from the general subject of depreciation on apparatus that has been 
used, but it can be applied only to a large system. Take the Brooklyn 
Rapid Transit System, for instance — each year that company is renewing 
track. At the end of a number of years, it will have completely renewed all 
of the track, and that portion which was done first will be worn out and 
ready to be renewed again. With this process of renewal going on contin- 
ually, it can be seen that there will be stretches of track in all states of 
depreciation, from new track just constructed, to worn out track just to be 
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reconstructed, and the average or present value of the track will be one- 
half of the cost to reproduce. 

This theory may be stated as follows: Any part of the equipment of a 
plant which in the process of maintenance becomes completely renewed, and 
which has been in operation long enough to pass through one cycle of life, 
has a value of one-half of its cost to reproduce. 

This theory can only be applied, however, where, in the process of re- 
newal, the renewed parts are of the same dimensions, capacity or value. To 
illustrate : if in renewing a piece of track, a 100-lb. rail is put in place of a 
60-lb. rail, then there is a capital addition to the track equal to the differ- 
ence between the value of a 60-lb. rail and a 100-lb. rail. In such a case 
as this, the 50% theory will not give correct results. 

Mr. Chevalier. — What is the practice of investigating depreciation 
values in extensions to plants, and what means will be taken in keeping 
track of that in accounting. Some plants will take depreciation fund or 
sinking fund and interest, or putting it out at interest and will invest that 
and use it to the replacing of the fund. I would like to know what is your 
opinion as to the propriety of that practice? 

Mr. Boyreb. — I don't know that I have ever seen any condition of that 
kind, anything of that sort. 

Mr. Wilder. — That is a perfectly legitimate way of using a depreciation 
fund. It would not be reasonable to expect a company to put such a fund 
out at interest and then have to go out in the open market to borrow money 
to carry out its business. 

Mr. Chevalier. — What then is the system of bookkeeping? 

Mr. Wilder. — The present system is prescribed by the Public Service 
Commission and if carried out will take care of it ; the requirements are 
very strict, and the reports are very carefully examined. It seems to me it 
ought to take care of that. If it shows where this depreciation fund is in- 
vested, it seems to me it takes care of it. If the fund is drawn on fre- 
quently for repairs, at the end of the year, by an investigation with the 
present system of bookkeeping, it can easily be taken care of. 

Mr. Chevalier. — What would happen if earnings on the extensions built 
with that money would pay the interest and fail to produce enough to pay 
interest on the depreciation? 

Mr. Wilder. — I don't think you could assume that the extensions would 
necessarily pay for themselves. Take a railroad for instance : you can build 
a branch to a railroad into a new section which for several years it could not 
pay for itself, but it is a form of future development and which will pay 
eventually. 

Mr. Chevalier. — You have to pool the whole thing? 

Mr. Wilder. — You would keep track of the actual tangible property that 
you put in the plant with that money, then when you need money for re- 
newals you have got this tangible property against which you can issue 
bonds because it has not been capitalized. 
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ALL METAL CONSTRUCTION OF DOORS AND 
TRIM FOR FIREPROOF BUILDINGS, ETC. 



By William J. Grinden. 
Pbesented October 12, 1911. 



In the development of modern buildings architects and engineers are 
obliged to consider the absolute necessary of producing an entirely fireproof 
structure. 

All inflammable materials, such as wood, etc., are eliminated. By this is 
meant, walls, floors, trim, etc., and as doors and windows are most important 
parts of such buildings it seemed absolutely necessary to obtain them of a 
fireproof character also. 

The first step made in this direction for doors and trim was the use of 
wood treated chemically which served to make it non-inflammable. It is used 
to- some extent in buildings and ship construction, but has proven to be 
somewhat of a makeshift, as it is not only costly but the character of the 
chemical treatment has a tendency to destroy the wood fibre and to render 
it, by process of disintegration, useless. This statement, however, is not 
based on any personal knowledge of the author of this paper. It has come 
to him through reports made by users of the material and must, therefore, 
be accepted only as hearsay. Whilst fireproof wood is still being used there 
is no doubt that in some quarters its use has been discontinued and a con- 
struction mentioned later in this paper has been substituted for it. 

The United States Government, for example, has adopted all metal con- 
struction in place of it for its naval vessels, and many architects and engineers 
have followed the same course. 

Attempts have also been made to produce doors and trim of a plastic 
composition formed under pressure in dies, but the results thus far have not 
been satisfactory. 

The next advance in the line of fire proofing was the use of wood covered 
with a light metal and which is known generally as "Kalamein" work. This 
process was one of evolution ; the first attempts being the tin-clad wood doors 
demanded by the Board of Fire Underwriters. Doors made in this way are 
satisfactory for mill and factory construction but on account of their in- 
elegant appearance could not be used for office buildings, hotels, or similar 
structures. About the year 1893 a manufacturer produced a door made of 
wood with three panels and covered it with metal. It was a great improve- 
ment in appearance over tin-clad doors. Later on other manufacturers im- 
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proved the process and made not only better doors but also made the mold- 
ings required in same, as well as in the trim, of wood with thin metal 
wrapped closely around it, which enabled them to give a more artistic appear- 
ance to the finished product. 

The test of time, however, showed plainly that the Kalamein product 
did not solve the difficulty, as great quantities of work proved to be un- 
satisfactory owing to the wood core shrinking or warping, distorting the 
metal covering and frequently rendering it impossible to open or close the 
doors. Another very serious objection to it is on account of rust. Lumber 
used in the manufacture of this product contained frequently moisture and 
other ingredients which attacked the inner side of the metal covering and, in 
a short time, holes were made in the surface, joints would open and the 
final result can easily be imagined. A prominent manufacturer and user of 
this class of work told the author only a few days ago that, in his opinion, 
a Kalamein door would last only 2 or 3 years. The use of wood as a 
filling agent permits of so many abuses that the Board of Fire Underwriters 
now compel manufacturers of even the tin-clad doors to submit not only their 
finished product for inspection but also to submit each section of same before 
they will furnish the underwriters' labels. 

These difficulties led manufacturers to seek some better method and their 
efforts resulted in the development of the modern product known as "hollow 
metal construction" ; or, as it is sometimes called, "all metal work." Some 
of the makers of Kalamein doors experimented with the newer method and 
in a measure were successful after much effort and loss. Up to a year or 
two ago there were only 2 or 3 concerns able to turn out satisfactory 
work. There are now many buildings in this country in which the all-metal 
construction is installed throughout and architects and engineers are begin- 
ning to appreciate the great advantage it has over all others. 

The method employed in the all-metal construction is as follows : 

A heavier gauge then is required in Kalamein work, either of steel or 
other metal, is used. 

When steel is specified a grade of low carbon acid open hearth material, 
known commonly as "Furniture Steel," is employed. It is made by the cold 
rolling process and after annealing and pickling it is patent leveled to 
remove all waves incident to rolling, as it is imperative that absolutely flat 
surfaces be obtained. The thickness of the steel varies, depending on the 
engineers' specification. No. 20 gauge (.03o-in. thick) is commonly used in 
doors required by builders of steel cars and No. 18 gauge (.049-in. thick) is 
the size frequently used for office buildings, etc. 

There are different methods of construction, all of which are patented 
and they vary somewhat in detail, but they accomplish the result desired, 
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which after all is the main thing. To describe these different methods would 
occupy too much time and would burden you with uninteresting matter. 

It may not be out of place to describe briefly one of the methods of 
manufacture with which the author is familiar. The stiles are formed in 
dies. The inner edges of the stile being made with open grooves or slots into 
which are locked the rails and other parts of the door. The rails are formed 
in a manner similar to the stiles and in addition are made at both ends with 
projecting flanges which lock into the stiles. As no wood cores or fillers are 
employed, light steel channels are used as stiffening or bracing members and 




Fig. 1. — View of Press Shop. 

are locked into the recesses made to receive them in stiles and rails. In the 
stiles these run vertically and in the rails horizontally. Moldings required 
in door construction are formed to any contour by means of rolling dies set 
in a rolling machine and draw bench. The original steel for moldings is 
of cold rolled quality and is purchased in coils of about 200 to 300 ft. in 
each. These coils are placed into position in the rolling machine and the 
end of the coil is inserted between the dies and is gripped securely by the 
draw bench dog. The number of dies vary with different shapes. Some 
moldings of simple contour can be made with 2 pairs of dies, whilst more 
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complicated forms require 5 and sometimes 6 sets. These dies are designed 
to permit the metal to form into shape in the easiest manner possible so 
as to avoid any fractures. As the steel is drawn cold this is quite necessary 
and it is also necessary to have the material soft and ductile. It is quite 
possible to form any shape of molding now made in wood, of steel and 
the lines of the various curves or forms of it can be made equally sharp and 
clean. After gripping the end of the coil firmly the "dog" is locked into 
the draw bench chain, which travels at various speeds dependent somewhat 
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on the shape and on the thickness of the material used. The "dog" 
pulls the metal through the dies which revolve and form it to shape, and 
after reaching the length of molding desired it is sawed off and a new grip 
is taken for the next length. The gauge of the material used in making 
moldings is generally the same as the steel in the door. The moldings are 
then sawed to length, mitred, and are ready for further use. In making 
door moldings the inner edges are formed so that they can be locked into 
the prepared recesses of rails and stiles. The other part of the molding is 
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formed with an open slot suitable for receiving glass or solid panels. After 
the molding is locked into position panels are inserted. These side panels 
consist usually of two flat sheets of steel, cut to size, between which is glued 
a filler of composition or asbestos. 

The use of the asbestos or composition fillet is not necessary to obtain 
fireproof qualities, and in car work is seldom required. For buildings, how- 
ever, many architects object to the metallic sound and require the manu- 
facturer to insert some material to eliminate it. 




Fig. 4. — View op Corner of Welding Shop. 

After the various parts of the door are formed they are assembled into 
complete shape and are ready for permanent fastening. 

In the early stages of this industry makers riveted the parts together, but 
this was found to be objectionable ; the steel shell of the door being very thin 
and as it was necessary to use rivets with flush heads their holding properties 
were much lessened. It was found that in service these rivet heads would 
move slightly and sometimes, under shock, would pull through and thus 
destroy in appearance the enameled finish. It was, therefore, necessary to 
find some means of uniting these parts together. 
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Electric machine spot welding was used for a short time, but owing to 
the uncertainty of permanent welds and the difficulty of keeping the various 
parts in perfect alignment while being welded, this process was abandoned. 
Ascetylene and oxygen gas welding was brought in service and with some 
concerns is now employed. There is great difficulty, however, with the gas 
flame owing to the prolonged heat of it on the surface of the steel and the 
resultant tendency of warping it. The steel, being cold rolled, has in it all 
the rolling stress and very little heat is necessary to relieve these stresses 
and form slight waves in the metal. To the manufacturer this is his greatest 
trouble. It is quite easy to remove small blemishes or indentations, but it is 
very difficult to eliminate the waves. 

Another method of welding and which has proven itself of great value is 
the electric system which the author succeeded in developing. Electric 
current is employed and a door, when assembled, is placed on a metallic table 
which is charged, the other pole is an ordinary cable carried over any dis- 
tance, to which is fastened the welding torch and shield. 

An arc is formed when contact is made and as the fusible electrode is 
drawn aWay, the arc intensifies, and the electrode melts rapidly, fusing the 
engaging surfaces instantly and permanently. By this process the heat is 
localized, and as each weld is chilled immediately the danger of warping is 
greatly reduced. 

The doors are ground at the welded portions to remove all roughened sur- 
faces and thoroughly cleaned and are then ready for the painter. 

Priming coats of steel preservative paint are applied inside and outside, 
several coats of filler are used, each one being rubbed smooth with emeryr 
cloth ; the body and grain coats and then the varnish coats are used. Each* 
one of the various coats of paint and filler is baked in ovens and when; 
finally finished the surfaces are rubbed with pumice and oil or water. Prac^ 
tically an enamelled surface is obtained and the danger of rust is eliminated. 

One great advantage in all metal work is the entire freedom from wood, 
which permits of baking the paint at a high temperature which insures a 
much harder surface. Kalamein work, having the wood core, is painted and 
dried in the air which carries with it the danger of flaking, which is quite 
common to all metallic surfaces. 

The application of the hardware is a very important part in door making. 
Under each hinge a heavy wrought steel reinforcing piece is welded to the 
stiles. It is drilled to receive machine screws and is more than ample to 
carry the weight of the door. The locks, door checks and other hardware 
parts are reinforced in a similar manner. It will thus be seen that the 
method described permits of making a door entirely free from rivets or screws 
in its construction, the only screws used being those required for attaching 
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Fig. 5. — Panel Work op Escalator. 

the hardware. Door frames and trim are formed in the draw bench previously 
described. The trim is welded at the mitred corners and is complete in itself. 
In erecting the trim, screws are used to fasten it permanently. The method 
of fastening the door and frame in the opening is : to use either a wood buck 




p IG p )# — Panel Work op Escalator at Top op Stairs Enclosing the Mechanism of 

the Shunt or "Throw-opf." 
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or frame anchored into the wall or a channel iron frame fastened in a 
similar way. 

All metal construction is not confined to doors and trim alone. Interior 
finish, such as paneling or wainscoting and the like are made also. The 
exact contour of wood shapes are made and the skill of the painter permits 
the exact imitation of it so closely that the eye is deceived and only by touch 
can the substitution be detected. 

Another advantage in all metal door construction is that when hung in 
position it does not change. There is no warping or shrinking incident to 
wood, or Kalamein work, and perfect freedom of operation is thereby 
-obtained. 

All metal construction is not confined to building work. Many of the 
prominent railroads have adopted, at least for passenger service, the all-steel 
•car and it has been said by several prominent railroad men that no more 
ivood cars would be built. All postal cars must hereafter be made of steel, 
to eliminate the danger of the destruction of mail matter in the event of 
•collisions and subsequent ignition of the wrecked parts. 

All of the modern battleships and many of the smaller naval vessels are 
-equipped with all-metal doors and trim and it is quite unlikely that the 
Government will depart from this course, the advantages being so obvious. 

DISCUSSION. 

Mr. Somner. — In the matter of cost, how does the metal door compare 
with wood? 

Mr. Grinden. — Very much more expensive, on account of labor. 

Mr. Somner. — The really high class door? 

Mr. Grinden. — A solid mahogany door would be Cheaper. 

Mr. Somner. — Oak doors? 

Mr. Grinden. — A solid oak door is less expensive than a steel door. A 
good oak door cost from $15 to $18. 

Mr. Somner. — Is the finish on the wooden door as permanent as on steel 
door? 

Mr. Grinden. — No. 
. Mr. Somner. — The actual life of that door would be a great deal longer 
than a wooden door. The first cost is heavier ; but the upkeep of that kind 
of trim would be much less? 

Mr. Grinden. — Yes. From what we have seen so far a (Joor properly 
erected and properly finished ought to last 20 years without any finishing at 
all ; just a little oil. * 

Mr. Somner. — You try to safeguard against rust by, covering with paint 
inside and outside, and it don't come off easily by any other means? No 
great, jar disturbs it? 

Mr. Grinden. — There is an amount of plastic nature in the paint we 
need for it. The paints we have used for priming have a sort of elasticity 
to it and we test it by taking a piece of stick and painting it and bending it 
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Fig. 7. — Free Standing Ticket Booth Butting to Wall and Scribed to Ceiling. 





Fio. 8. — Toilet Door. 



Fig. 9. — Double Doors, with Louvre Top and 

Bottom, to Transformer Closet at ETnd 

of Platform. 
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back and forth many times until we practically fracture the material, and 
until it meets that test we do not use the paint, and when the paint holds 
we feel that the door is properly painted and very little danger of door 
changing. At Centre Street and Canal we built the station for Mr. Moran, 
and that place being a subway is, of course, full of dampness ; water is 
dripping in there and streams come in contact with the work.. That work 
was done two years ago, and an examination of it shows it to be in as perfect 
condition as when it left our shop. No sign of rust. That is a very severe 
test. The engineers of the Public Service Commission, I believe, are very 
well satisfied with the type of construction. 
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Fig. 10. — Front Elevation of Controller Closet 
Under Escalator. 



Fig. 11. — Single Elevator 
Door ; Residential Sec- 
tion, New York City. 



Mr. Macon. — A good many of us are interested in the hollow metal con- 
struction, but it is not clear to us how it has been made. In fact I have 
been told by some people that this is regarded more or less as a secret. Shops 
were not open for inspection. 

Mr. Grinden. — It is not now. 

Mr. Somner. — You speak of different kinds of doors used for marine 
work. Have any of those metal doors of the type you speak of been used 
for the navy? 

Mr. Grinden. — All of the naval vessels have hollow wood construction. 
The Arkansas and many of the smaller naval-like torpedo boats, have the 
steel construction, the object being not so much in the reduction of weight 
as the necessity of preparedness in time of war. In warfare they eliminate 
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Fig. 12. — Exterior Window op Superstructure, Delancby Street Station, Bridge 

Loop Subway. 




Fig. 13. — Entrance Doors, Delancey Street Station. 
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the wood. It is stripped right down to a working basis ; with the steel con- 
struction, it is always ready ; it does not have to be stripped down. 

Mr. Macon. — You are apt to go 'beyond the critical temperature with 
acetylene? 

Mr. Grinden. — Yes. 

Mr. Macon. — If you use the so-called soldering in gas welding? 

Mr. Grinden. — You can't use as much heat in soldering. You apply 
300 or 400 and it will change the condition. It will expand about 1/32 of 
an inch to a foot. 

Mr. Roberts. — You say the cost of the door is from $35 to $40, does that 
include the trim? 

Mr. Grinden. — Yes. Of course the doors are made in different grades. 
On car doors the work is very much cheaper in construction and finish. The 
•doors range anywhere from $15 upwards. The cost of a highly finished door, 
including fancy trim on both sides, jamb and stop runs up the cost. 

Mr. Roberts. — Do you have any trouble in all-metal doors warping from 
the heat? 

Mr. Grinden. — No. The Fire Underwriters' test is to take the door and 
put it in an ordinary heating oven and give it a certain degree of heat, and 
then turn on a stream of water against it while it is hot, and if it warps or 
falls down at the trim work enough to let the fire go through, they do not 
.give you a good report. 

Mr. Ould. — Suppose one is moving a Grinden steel desk, a good heavy 
one, and the corner bangs up against a Grinden steel door; what happens? 

Mr. Grinden. — It puts a dent in the door. 
Mr. Ould. — Then what happens to the door? 

Mr. Grinden. — You can not take the dent out. You could cut that piece 
out and weld a new piece in, and refinish. 

Mr. Roberts. — That is one of the objections to metal lockers, that once 
you dent them, they are gone. 

Mr. Grinden. — There does not seem to be any good way of getting rid 
of it or repairing it. The advantage of the metal lockers is that they are 
free from vermin. Vermin can not accumulate in steel. To show you how 
careful the Pennsylvania R. R. are in testing of any metal ; they have a 
■corps of inspectors, 18 or 20 men, skilled in that line, in different branches 
in their shops, and when an order is placed it is always subject to their in- 
spection. When an order is placed for steel doors, the inspectors come to 
see what is going on, and none will be taken until every foot has been in- 
spected. Yon have to put a door through a physical test, and their test is to 
put a vestibule door on horses and then put 750 lbs. across the center of it, 
and spring up and down and see if they can bend it. Then they pick up a 
door by a corner and drop it and see if they can not throw it out of align- 
ment. When the door will pass their tests they are satisfied to take our work. 

Mr. Roberts. — In the ordinary method of finishing doors, the first thing 
is to smooth it with cement to fill up cracks? 

Mr. Grinden. — It is all cleaned with pumice and -wiped clean and rid 
of any metal surface mark of rust or other blemish, and after that is done 
there is always little indentations in the door incident to manufacture, so 
we use a plastic material, which is put on about the same as butter spread 
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Fig. 14. — Bottom Newels and Panel Work op 
Escalator Stairway. 



Pig. 15. — Single Panel Door De- 
signed to Conform to Style 
and Finish of Mahogany 
Doors in Same Building 





Fig. 



16. — Free Standing Ticket Booth, Octagonal 
Shape, Complete in Itself. 



Fig. 17. — Single Sliding 
Sash Door ; Residential 
Section, New York City. 
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on bread and when that paste is on it becomes like smooth-on cement, and 
that is rubbed smooth and a second coat applied. That is rubbed smooth 
again, then the priming coat is put on top of that. 

Mr. Roberts. — Is that Japan? 

Mr. Grinden. — Coat of paint made specially to cover steel. 

Mr. Roberts. — You bake the cement after smooth-on? You bake it 
twice ? 

Mr. Grinden. — Yes. 
Mr. Roberts. — First thing, you cement prime coat ; you bake that, and 
then another coat of Japan? 

Mr. Grinden. — Japan is not used. 

Mr. Somner. — What is used next to priming coat? 

Mr. Grinden. — Body coat. 

Mr. Roberts. — How many coats on that altogether? 

Mr. Grinden. — Seven coats. 

Mr. Roberts. — Chromium paint? 

Mr. Grinden. — Yes. 

Mr. Roberts. — One or two coats of that? 

Mr. Grinden. — Two. 

Mr. Roberts. — Then you have two coats of varnish? 

Mr. Grinden. — Yes. At least two, and sometimes more. The reason 
that we have to use so many is it gives something to work on for rubbing 
down. 

Mr. Roberts. — Each coat rubbed down? 

Mr. Grinden. — Yes. 

Mr. Roberts. — Last coat rubbed down? 

Mr. Grinden. — With pumice water and piece of felt. 

Mr. Somner. — Almost a piano finish? 

Mr. Grinden. — Yes, practically. 

Mr. Viola. — Do you make fireproofing doors? What kind of doors do 
you make for fireproofing plants? 

Mr. Grinden. — Any ordinary metal door suited to use consisting of three 
layers of wood placed in different positions and that is all tiled together. 
There is used on top of that a certain grade of tin and the metal is lapped 
over that to avoid explosion when exposed to heat. For ordinary use it is 
good enough, but if you want to have anything more ornamental and still 
fireproof you have to have hollow construction. The average factory door 
is tin plate door. The difficulty in using wood and metal is, they are two 
opposite materials ; one is susceptible to change in water moisture and dry- 
ness, and the metal does not change. I have been through the experience 
of using tin clad doors. Under heat they will explode, and the gases inside 
become so hot that they will burst open. 

Mr. Somner. — Wood springs ; how much change is there in the size of 
the ordinary sheet steel door? 

Mr. Grinden — It is reckoned that the door will expand under 300° 
heat 1/32 of an in. ; 1/16 of an in. Under 600°, and at almost melting 
point y s of an in. 

Mr. Somner. — Does it not take many degrees to expand? 

Mr. Grinden. — You take a cube 1 in. sq. and then heat it, it does not 
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Fiu. 18. — Panel Board Door and Frame. 




Fig. 19. — Free Standing News Stand — Butting Up to Wall and Scribed to Ceiling. 
This also Includes Cash Drawer, Counters, Cupboards, Drawers, Etc. 



Digitized by 



Google 



ALL METAL BUILDING CONSTRUCTION. 155 

change. The heat applied to a piece of steel in tempering does not change 
its size. 

Mr. MACON.-^In case of panels of doors, is the inner sheet of metal in 
addition to asbestos? is that strengthening? 

Mr. Grinden. — The two sheets form the panels themselves ; that is, two 
sheets of steel form the panel and in between is placed asbestos. Before the 
panels are put on, the sheets of steel are taken and glued together under 
pressure. We use melted glass for glueing the asbestos to the steel. We 
find that that is the best agent for preserving the steel. 

Mr. Macon. — The preliminary coat of painting, is that one of the lead 
paints? 

Mr. Grinden. — I really could not tell. The best paints that we find are 
made by a concern in Newark, Piatt & Conklin paint. The only way we 
have of telling, ie in the simple cri'dp way of testing by bending it bock and 
forward to eee if we can crack that paint. 
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HYDRO ELECTRICAL INSTALLATION, CHATTA- 
NOOGA AND TENNESSEE RIVER POWER 
COMPAN Y, HALES BA R, TENN. 

By George A. Orrok. Mem. B. E. O. 
Presented November 9, 1911. 



The Tennessee River is formed by the union of the Holston and the 
French Broad rivers which rise in the mountain regions of North Carolina 
and Tennessee and flow in a southwesterly direction through Tennessee into 
Alabama and then in a practically northerly direction back again through 
Tennessee, joining with the Ohio at Paducah. 

The total length of navigable water ways formed by the Tennessee and 

its tributaries is about 1 300 miles. The drainage area is about 44 000 miles. 

At Riverton and Muscle Shoals the obstructions to navigation have been i 

removed by a system of canals and locks so that a 5-ft. depth of water ; 

is available the entire year from Paducah to above Muscle Shoals, a distance J 

of nearly 300 miles. 1 

■ 
Between Muscle Shoals and Chattanooga the low water navigation is ; 

limited to a draft of water not exceeding 2 ft. and during high water the 

river is practically unnavigable. The general characteristics of the Tennessee ] 

River are those of a broad tranquil stream with moderate current. The 

banks are usually firm and stable, while the bottom is gravel and sand, and • 

as a whole the river presents an unusual fixity of regimen. This is broken i 

while passing through the mountains below Chattanooga, a distance of, j 

perhaps, 30 miles, owing to the exceedingly narrow and crooked pathway 

which the river has to traverse. The navigation of this section presents 

great difficulties at the time of low water on account of rapids and rock j 

barriers, also at the time of high water because of the excessive velocities j 

of flow. j 

At Williams Island, 10 miles below Chattanooga where the river enters j 

the mountain section, the difficult navigation commences. The width of ] 

the river at high water through this section does not exceed 1 500 ft. and 

varies from 700 ft. at certain locations to the first figure. The low water 

width of the river is very slightly below this. The low water flow of the 

river at zero reading of the Chattanooga gauge is about 8 000-ft. seconds ; 

at the high water reading, 58 ft. on the Chattanooga gauge, the flow is ^ 

about 700 000-ft. seconds. It will be seen from this that any proposition i 

i 

I 
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for damming or improving the river must be of a very difficult character 
indeed. In fact, there is practically no other river in the world in which 
the variation of flow is so large and the available channel so small. The 
maximum velocity encountered in going through the mountain section at 
the maximum discharge is about 19 ft. per second, while the minimum 
velocity at low water is approximately 1.7 ft. per second. The only work 
of this character which bears any relation in point of size to the improve- 
ment at Chattanooga is the damming of the river Nile at Assuan, Egypt; 
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but even here the maximum flow of the river is practically only o(J ii~i.s 
the minimum flow instead of 100 times, as in the case of the Tennessee. 

The government has on hand at the present time a proposition for 
damming the Mississippi and Missouri rivers below St. Louis, which will in 
point of flow compare with the conditions on the Tennessee ; but the Board 
of Government Engineers have not as yet presented their report on this 
project. 

The difficulties of navigation of the Tennessee River were early brought 
to the attention of the government, and in 1830 the first attempts at im- 
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pro ng the channel were made. Col. Lang, of the Corps of Engineers, 
made this report; similar reports were made hy Col. McClellan in 1853, 
and other reports were made in 1854, 1868, 1890, 1892 and 1898. In all, 
up to about 15 years ago, approximately $150 000 had been spent by the 
government in improving the channel through the mountain section ; but its 
navigation was usually considered unsafe when the river was below the 
3-ft. gauge at Chattanooga, and at any gauge beyond 20 ft. the current was 
so swift that none but high-powered river steamers could attempt its 
navigation. 

In 1891-1892 Capt. G. W. Goethals, now in charge of the construction 
work of the Panama Canal, made a very careful examination of the river 
and his report is the basis of all subsequent work which has been done. 

The total low water fall between Chattanooga and Shell Mound is, 
approximately, 34 ft. in a distance of 38 miles. This fall is governed during 
the low water stages by the profile of the river bed and is concentrated 
where obstructions occur. The high water fall, which is, approximately, 
47 ft. in the same distance is controlled by the contracted section of the 
mountains. 

It was seen that the limit of channel improvements had been reached, 
and in 1890 the Board of Engineers, who were appointed to consider the 
improvement of the river, reported that the only practical improvement of 
this section would be by the construction of canals or arrangements for 
slack water navigation ; • they reported further that the expense of slack 
water navigation made it unworthy of consideration at that time. In 1900 
the government engineers reported on a system of slack water navigation, 
which they estimated would cost in the neighborhood of $1000000. In 
planning the system of slack water navigation a serious difficulty is met 
with, because of the enormous flood height which the river occasionally, 
although at long intervals, attains in the mountain section. There is no 
flood plane and the surface width of the river, at the maximum gauge, is 
not more than 1000 ft. wide; the consequence is that the water is backed 
up until it has been known to attain a height of 70 ft. above its ordinary 
low water level in certain places in the mountains. The water during such 
floods backs up for many miles above Chattanooga. Of course, such floods 
are of rare occurrence. 

An examination of the hydrographs from 1875 to 1900 shows that the 
stage of 35 ft. on the Chattanooga gauge is the limiting height beyond which 
it will not pay to attempt to provide navigation. 

The Chattanooga business men early saw the advantage which would' 
accrue to the city through the development of water power by the improve- 
ment of the Tennessee River and in 1904 they secured an act of congress. 
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granting permission to the City of Chattanooga to build and construct a lock 
and dam across the Tennessee River at Scott's Point. - The city, however, 
did not take up this franchise and a further clause of the act prompted 
private parties to accept what the city had refused. Mr. A. N. Brady, in 
connection with Mr. C. E. James and Mr. J. C. Guild of Chattanooga, took 
up the franchise and organized the Chattanooga and Tennessee River Power 
Company, which entered into contract with the United States Government 
for the construction and maintenance of the works. 

It was found on investigation that the location of the dam at Scott's 
Point would not give a sufficient improvement to the river nor sufficient 
water power clue to the backing up of the tail water at the higher stages 
of flow. Authorization was finally obtained for the locating of the dam at 
Hales Bar, 33 miles below Chattanooga, where solid rock was available for 
the dam foundation, and the flood plane widened out to such an extent that 
a rapid rise "of the tail water would not be so disastrous to water develop- 
ments. The head on the turbines at this place would be about 39 ft. at 
low water, while at a 40-ft. stage the backing up of the tail water would 
reduce this head to about 19 ft. 

The lock and dam was designed under the directions of Major H. C. 
Newcomer; the designs for the water-power plant were made by Mr. John 
Bogart, C. E., consulting engineer of the Chattanooga and Tennessee 
River Power Company, while the mechanical and electrical designs have 
been perfected by Mr. T. E. Murray, consulting engineer, and his staff of 
assistants. 

The hydraulic problem was of great difficulty, as the variation of flow 
is extremely large. The minimum flow is about 5 000 cu. ft. per second. 
The .high water flow is, approximately, 200 000-ft. seconds, which with 
occasional floods rises to 320000-ft. seconds. As a general statement it 
may be said that for two months of the. year the flow will be between 8 000 
and 16 000-ft. seconds; for about 4 months, between 12 000 and 60 000-f t. 
seconds ; for about 4 months, between 16 000 and 60 00O-f t. seconds, and for 
about two months, between 20 000 and 100 000-f t. seconds. During the 
shorter periods, of course, the maximum flow largely exceeds these figures. 
To secure uniformity of speed and regular output, it was necessary to place 
three turbines on each shaft, the two lower ones operating in periods of high 
head and low flow, while the third turbine was brought into play when there 
was more water but less available head. 

The lock and dam are built of concrete in which large stones up to 10 
tons in weight have been embedded ; some re-enforced concrete has also biej 
used. The power house with irs transformer house has been built of re 
enforced concrete. 
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Cross Section, A-A, Hales Bar Station, Chattanooga & Tennessee River Power Co. 
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The lock which is situated on the west or right bank of the river is 
built against a rock bluff, has a clear width of 60 ft., and is, approximately, 
312 ft. long inside. The gates are of the mitering type horizontally framed, 
built of steel and operated by electricity. These gates are somewhat re- 
markable for the head which they have to support, the difference in elevation 
between the two pools being about 40 ft. ; each lift of the lower gates will 
be 34 ft. long, 50 ft. high and will weigh 129 tons. The upper gate was built 
by the Baltimore Bridge Company, Baltimore, Md., and the lower gate by 
the Penn Bridge Company, of Beaver Falls, Pa. The lock chamber is 
filled by two culverts, 11 ft. by 6 ft., operated by stoney sluice gates fitted 
for electric operation. The dam itself is 1200 ft. long and extends from 
the lock on the west side of the river to the Power House and transformer 
house on the east side. The crest of the dam will be at an elevation of 
635 ft. and a flash board apparatus bringing the elevation of the crest up 
to 638 ft. will be provided. There is a passage way through the dam in 
which the electric conduits are carried from one side of the river to the 
other. In the power house a sluiceway is provided to supply water to the 
lower pool, at times when none is passing over the dam or through the 
power house. 

The power station is 66 ft. wide by 353 ft. long, and in two sections, 
an operating building 1-story high, 220 ft. long, and a switch and trans- 
former house 3 stories high and 133 ft long. The operating building con- 
sists of 7 bays, each containing 2 turbine units, making a total of 14. Each 
unit consists of 3 turbines mounted on a vertical shaft with a generator at 
its upper end. Each generator has a capacity of 3 000 kw., making a total 
capacity of 42 000 kw. for the station. Under ordinary stages of the river 
only 2 of the turbines will be used for each unit, the third being held in 
reserve and used when there is a large quantity of water flowing, but giving 
a reduced head due to back water in a tail race. The 2 lower turbine wheels 
are 72 ins. in diameter, and the upper wheel 65 ins. in diameter. The 
turbines run at 112% R. P. M. Each unit is capable of delivering 5 250 
horse-power with a head of 35 ft. The contractor for the hydraulic machinery 
is the S. Morgan Smith Company, of York, Pa. The oiling and hydraulic 
control systems are being installed by L. K. Comstock & Company and the 
governors by the Lombard Governor Company. 

The operating building rests practically on the east end of the dam and 
is carried down to solid rock. The switch and transformer house is sup- 
ported by round concrete piers carried down to solid rock. The piers were 
placed by means of light sheet steel caissons sunk through the earth to 
solid rock, the earth being excavated as the caissons were sunk; the steel 
caissons were filled with concrete, the concrete piers being proportioned so 
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as to stand the entire load without any assistance from the light steel shell. 
The operating building and the switch and transformer house are steel 
frame structures with concrete walls. The main floor of the transformer 
house is composed of reinforced concrete, and the upper floors and the roof 
■of the transformer house and the roof of the operating building are built of 
flat concrete arches set between steel beams. 

An electric traveling crane of 50 tons capacity is provided to handle the 
.generator and turbines in the operating room, and a gantry crane is placed 
■on the up-stream side of the operating building to handle the head gates. 

The generating station is laid out to accommodate 14 alternating-current 
generators, 6 exciters, 1 exciter switchboard, 1 alternating-current lighting 
and power board, 1 alternating-current control board, 14 alternating-current 
generator field rheostats, 1 storage battery, 6 step-down transformers, 15 
step-up transformers, 29 6 600-volt H3 oil circuit breakers and buses, 10 
45 000-volt H3 oil circuit breakers and buses, 3 sets of multiplex lightning 
arresters and choke coils, and 3 sets of electrolytic lightning arresters and 
'horn arresters. 

With the exception of the storage battery all the above apparatus was 
^manufactured by the General Electric Company, Schenectady, N. Y., and 
will be installed on the three floors and the roof of the generating station.*. 

The 14 alternating-current generators are located on the main floor of 
the operating room, arranged in 2 rows, 7 in each row. 

Each generator is of 3000-kw. capacity, 3-phase, 60 cycle, 6 600 volts, 
112.5 R. P. M., and is mounted on a vertical shaft, which is driven by 
three water wheels. 

At present there will be installed only 10 generators, 2 of which will 
have a 100-kw. exciter, mounted on the shaft. 

On the main floor of the operating room, near the switchboard, are 
located the Other 4 exciters, each consisting of a 250-kw., 250- volt, 720 
R. P. M., direct-current generator, driven by a 375 horse-power, 220-volt, 
720 R. P. M., 3-phase induction motor, both the generator and motor being 
mounted upon a common base and coupled together. 

On the same floor, close to the motor exciters, is located the exciter 
switchboard, and the alternating current light and power board. 

At the extreme eastern end of the main floor of the operating room are 
located six step-down transformers, each of 300-kw. capacity, 3 phase, 60 
cycles, 6 600/230 volts, oil cooled. These step-down transformers are located 
in back of the alternating-current light and power board, but are separated 
from it by a fireproof enclosure. 

At present onjy 5-step-down transformers will be installed, 3 of which 
will furnish alternating-current to the exciter-motors and 2 will furnish 
•current for the station lighting and power. 
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Above the exciter board and the step-down transformers is a gallery on 
which is located the main alternating-current 6 600 and 44 000- volt control 
switchboard, from which are also operated the alternating-current generator 
field rheostats, located in the rear of the board. 

From each of the alternating current generators, 3 single-conductor 
cables are run in bituminized fibre conduits, laid in concrete, to the generator 
oil circuit-breakers and generator buses, which are located in the north 
part of the first floor of the transformer house, divided from the operating 
house by a 12-in. thick concrete wall. 

From the generator buses current is sent through oil circuit-breakers to 
the 15 step-up transformers, which are located on the first floor, but are 
separated from the switch room by a 12-in. concrete wall. 

The 15 step-up transformers are grouped in 5 sets, 3 transformers to 
each set, each transformer being 3 133-kw. capacity, high-tension side 
25 400/44 000, low tension 6600 volts, 60 cycle, single phase, water cooled. 
At present only 3 sets will be installed. 

The 44000-volt current from the step-up transformers is transmitted 
through oil circuit breakers to the 44 000-volt buses, which are located partly 
on the second and partly on the third floor in the transformer house. On 
this floor are also located the 44000-volt multiplex lightning arresters. 

From the 44000-volt buses the current is sent through 2 oil circuit- 
breakers and choke coils up on to the roof, where connections are made 
with the 2 transmission lines, carried on a steel tower built on top of the 
roof. The ends of each line are connected to horn arresters, which are 
located on top of a narrow house or enclosure built on the roof. From the 
horn arresters connections are run through "roof entrance" type insulators 
to the electrolytic arresters, 4 to 1 line, which are located in the above 
enclosure. 

There is a provision made for a third (emergency) transmission line, 
which will not be installed at the present time. 

All the H3 oil circuit breakers and buses, both 6 600 and 44 000 volts are 
installed in compartments built of reinforced concrete. 

All the main 6 600-volt connections are cables with 2/32 in. best rubber, 
8/32 in. varnished cambric and 2 waxed braids. All 44000-volt connections 
are bare copper tubing of 1-5/16 in. outside diameter. The connections 
between the horn and the electrolytic arresters are bare copper tubing of 
15/16 in. outside diameter. 

The transmission lines leave the generating station on top of the roof 
at almost a right angle to the long side of the building, are carried to the 
sub-station on 175 steel towers, exclusive of the 2 steel towers, 1 on top of 
the generating station and a similar tower on top of the sub-station. 
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The work on the east side of the river includes the power and transformer 
houses and the excavations for the head hay and tail race. The river bank, 
was at about EU 630 and the top of the rock at about El. 595 above sea 
level. The lowest point in the power house is at El. 559.25, except a pipe 
line for emptying, the bays which goes about 2. ft. lower. All of this rock 
excavation was taken out with derricks. These were stiff leg at the beginr 
ning of the work but some of them were changed to guyed derricks as the 
work proceeded and as the excavations around them were taken out. The 
bottom of the tail race at the power house is at El. 570, but slopes up 
rapidly to 576 and then slopes gradually to the surface of the rock at the 
lower end. The head bay is excavated to El. 610. 

In the 2 bays at the east end of the power house there was no trouble 
whatever with water, but in the rest of the excavation large quantifies of 
water came up through the natural crevices in the rock. At first, before 
the excavation had reached the lower grades,, an attempt was made to pump 
the water out during the progress of the work and to keep it down by 
pumping, but the amount increased so fast that something had to be done 
to stop it. At one time a channel machine was used to cut a channel on 
the north side where there seemed to be evidence that the water was com- 
ing in from the upper side of the dam, but as the excavation was carried 
deeper it was seen that the water was coming mainly from the bottom. 
Well drills were then secured and placed at work in the west end of the 
power house. These put down holes with a diameter of 6 ins. and they 
could be carried to any depth ; some on the dam site were carried 50 ft. A 
number of holes were put down in the bottom where there was evidence 
that crevices and fissures would be met. As the amount of water coming in 
increased and became too much to handle with the pumps, the pit was allowed 
to flood with water to the level of the river ; pumps would then be placed so 
as to throw water into the pit so- as to raise the level inside the coffer-dam 
a little above that in the river. Before flooding, pipes had been put into the 
well holes and carried up so as to be above the level of the water after 
flooding; these pipes were of the same size as the well holes and were 
bushed down at the top to 2 ins. and cement grout was forced into the holes 
through the pipe using a small grouting machine. These machines consist 
of a horizontal cylinder with paddles in it ; the cement and water were put 
in at the top, the top door would then be closed and air pressure put on the 
inside. The paddles were turned by air and after turning the cement and 
water together a few times a valve on the discharge end would be opened and 
the grout forced down into the pipe with the air pressure. The air was 
secured from the compressor plant on the work and a pressure of about 80 
or 90 lbs. could be obtained if necessary. Ordinarily only a few pounds 
pressure would be used, just enough to force the grout out of the pipe and 
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well inti the hole. About 12 000 barrels were used in the power-house 
foundation in this manner. 

After the end of the power house had been excavated to grade there was 
still trouble with the water coming up through the bottom whenever test 
holes were put down. In order to fill all openings and crevices in the rock 
Immediately below the bottom of the power house a large number of drill 
holes were put down with the ordinary precussion drill making a hole 2 ins. 
in diameter, water would be forced into the hole so drilled, after pipes had 
been driven into them. After washing the holes thoroughly they were filled 
with cement grout. All of the grout used was of neat cement as it was 
feared that if a mixture of sand and cement were used they would become 
separated after being put into the water in the crevices and would not 
accomplish the result of filling and closing the holes and the cutting off of 
the water and leaks. 

The dam on the east side of the river covering about one-third of its 
length was enclosed in a coffer-dam divided into 2 sections by a cross coffer- 
dam. The same trouble was met with here in connection with the bottom. 
At first the well drills were used to stop the water by drilling and grouting 
as in the power house. Later when the bottom was about secured it was 
covered with small holes put down with the ordinary percussion drills and 
then filled with grout as in the power house. 

On the west side of the river about one-third of the width of the river 
was enclosed in one section of coffer-dam. Before any material was ex- 
cavated here the well drills were put at work and put down a large number 
of holes over the entire bottom. A large proportion of these holes could not 
be driven as far as was desired owing to the fact that after the drill had 
passed a crevice, sand and gravel would drop into the hole at the side of the 
drill and prevent the carrying of the hole any further. Some of the holes 
were carried far enough to do some grouting, but .the effect was not as good 
as was desired. One reason why the well drills did not work as well on the 
west side as on the east is the fact that pumping in the coffer-dams on the 
east side had been carried on for some time before the well drills were tried. 
This supposedly washed a large amount of sand and gravel out of the 
crevices leaving them free to carry water better. As the holes were washed 
out they did not contain material to drop into the holes and interfere with 
the progress of the drills. 

About 100 ft. of dam foundation was secured on the west side by the 
use of the holes for washing and filling the crevices as on the east side and 
in the power house. This summer a new method was tried to get the bottom 
and it is still in operation. The rest of the bottom inside the coffer-dam 
has been covered with 14 caissons. These are of different sizes, but 
the most of them are either 40 x 40 ft. or about 30 x 30 ft. The first part 
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of the operation of building and placing a caisson is the location of the 
cutting edge. This is built up of steel plates. On this are built forms. 
Those for the roof slope back from the cutting edge so as to make the 
roof about 4% ft. above the cutting edge. The forms are then filled 
with concrete, the roof being about 8 ft. thick. The caissons are reinforced 
with 1 in. rods, both vertically on all 4 sides and on the top and bottom. 
Two locks are provided through the top one for the men and the other for 
muck. Pipes for air and water are also provided. The caissons are built in 
place and then after the air is applied, the material in them, earth and rock, 
are removed. Up to the present time the air pressure that has been carried 
in ihe caissons has not exceeded 10 lbs. As the work progresses the 
caissons are lowered in the usual manner. After all the loose rock has been 
removed and a good foundation secured the caisson is thoroughly cleaned and 
the concrete is placed in it up to the cutting edge under air pressure. This 
is carried up sufficiently to seal the cutting edge and then after setting the 
air is removed and the rest of the caisson is filled under atmospheric pressure. 

The middle section of the river is now being coffer-dammed and it is in- 
tended to use the caissons here also. 

At the present time the power and transformer houses are completed and 
the hydraulic machinery is being installed. The dam for about 430 ft. oni 
the east side of the river is complete except for 9 gaps, each 20 ft. long,, 
that have been left to take the water while the middle portion of the river- 
is coffer-dammed. The bottom of these gaps is at El. 600, which is iy 2 ft. 
above the low water mark at the work. On the west side of the river 
the dam foundation is in for 100 ft. from the lock and the rest of the 
bottom of the coffer-dam is covered with caissons. Gaps have been left in 
the above 100 ft. and will be left in the rest of this portion of the dam for 
the same reason as on the east side. The middle portion of the river is now 
being coffer-dammed. 

This work is being done under government inspection. The work was 
started while Maj. Newcomer was in charge of the district. He was suc- 
ceeded by Maj. William W. Harts, and Maj. Jadwin is now the officer in 
charge of the district; Maj. C. A. P. Flagler was temporarily in charge of 
the district at 2 different times. The United States Junior Engineer on the 
work is Mr. G. H. Tisdale. The work is under the direct charge of Mr. 
John Bogart, consulting engineer, with Mr. George F. Rowell, Mem. Brooklyn 
Engineer's Club, as resident engineer. The power house and electrical in- 
stallation is in charge of Mr. T. E. Murray, consulting engineer, with Mr. 
B. T. Burt as superintendent. The present contractors for the dam are 
Messrs. Jacobs & Davies, with Mr. C. J. Crowley as superintendent. 
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The first annual exhibition of engineering materials, processes and models 
took place in April, from the 17th* to the 22d. 

The lower floor of the clubhouse was filled with exhibits, and the smok- 
ing room with plans and views showing the progress of the work on the 
Fourth Avenue subway. The library contained exhibits of engineering 
instruments, books, etc. 

Ten minute talks by exhibitors were a feature, and the attendance was 
very gratifying, the audience displaying a great deal of interest. 

Engineering News, commenting editorially on this exhibition, said, in 
part: — "We suggest, therefore, that the example of the Brooklyn Engineers' 
Club is one well worthy of imitation. If the engineering organizations in a 
city will take up such a project in thoroughgoing fashion, organize an exhibi- 
tion containing things of real interest and novelty, conduct it along high- 
class lines, and open it to the general public, they can bring engineering and 
engineers into more prominent public notice, and do more real good to their 
profession than they can in the entire year's work of holding cut-and-dried 
meetings in the old-fashioned way." 

The U. S. Wood Preserving Co.'s exhibit showed paving blocks, 
treated and untreated. Blocks removed from the city streets after eight 
years' continuous service. Views of this type of pavement in use in cities 
throughout the country and in Europe. Mr. Alexander Reid, of this com- 
pany, described the process of manufacture and the history of the industry 
in this country. 

The Heenan Destructor Co. showed a model of a refuse destructor of the 
type built by this company for several cities. A representative of the com- 
pany, with the aid of the model, described the method of operating these 
destructors and outlined the advantages claimed for them. 

The Lidgerwood Mfg. Co. showed views of the Lidgerwood cableway in 
use on the Panama Canal, and some of the improvements of the apparatus 
used, which enabled the speed and the efficiency to be raised considerably. 

The Gamewell Fire Alarm Telegraph Co. had a complete fire alarm sys- 
tem in operation. A representative of the company was in attendance and 
showed the construction of the instruments, and in a short lecture traced 
the development of the apparatus from the crude original instrument to the 
present highly efficient one. 

The Pyrene Mfg. Co.'s exhibit was a glass tank filled with Pyrene, in 
which was submerged a small motor connected with naked wires. Two 
electric lights were kept burning in this liquid for a week to show that the 
liquid would not short-circuit the light or damage the insulator. The con- 
struction of the containers was also shown. 

The Chandler & Floyd exhibit showed sections of American Ingot Iron 
pipe which had been subjected to a number of tests to show the non- 
corrosive qualities of this material. 

The Turner Construction Co. showed a view of "Turner City." A pic- 
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ture of all the buildings erected in reinforced concrete by this company. Mr. 
Mellor, of this company, described this exhibit. 

The Concrete Steel Co. showed a model of the type of floor for factory 
buildings designed by this company. Mr. Pouch, of this company, gave 
some interesting data on the cost and the use of this floor. 

Nelson Goodyear, Inc., had a complete oxy-acetylene welding and cutting 
outfit on exhibition and gave some very interesting demonstrations of the 
uses to which this apparatus is adapted. 

The Grinden Art Metals Co. showed a Grinden steel door, and sections 
showing the construction of these doors. Mr. Grinden, a member of the 
society, has a paper covering this subject very completely, in this volume, 
page 139. 

William T. Donnelly showed a working model of a dry-dock (shown on 
stage in picture of the exhibit). This dock is of a new type patented by 
Mr. Donnelly, and a very able article, covering all features of its construc- 
tion is to be found in Volume 9 of these Proceedings. 

The Wire Inspection Bureau had an exhibit of instruments used in the 
testing of insulated wire. Mr. H. T. Wreaks, secretary of the company, 
was in charge of this exhibit and made a number of tests to demonstrate 
the reliability of the methods used. 

The Rail Joint Co. showed Weber, Wolkhamer, and other types of rail 
joints manufactured by this company and a representative of the company 
explained the uses of each type and the advantages of each type for the 
service it was designed for. 

The John Simmons Co.'s exhibit showed a Standard hot- water heater, 
a new type, invented by Mr. J. C. Meem, and a Simmons sectional pile. 
Mr. Meem described the heater and gave some results of tests made with it 
which showed it to be an exceptionally economical device. 

The Nash Engineering Co. exhibited a Nash hydro-pneumatic blower. 
This machine is entirely new and had never been exhibited before. Mr. Nash, 
the inventor, and the president of the Nash Co. outlined the uses for which 
this machine is especially adapted. 

The Corrugated Bar* Co. exhibited types of reinforcing rods and section* 
of Cortile flooring; manufactured by this company. Mr. Atkinson, in describ- 
ing this exhibit, gave some valuable data covering the uses and cost of these 
materials. 

The Jefferson Union Co. had a handsome display of the various types of 
hydraulic fittings manufactured by the company. 

The exhibit of the Chas. A. Schieren Co. was a roll of their well-known 
Duxbak waterproof leather belting, which was looped over a supporting 
arch with the lower end immersed in water. At the close of the week, the 
part of the belting that was immersed, showed no change whatever, thereby 
demonstrating the truth of the statement of this company, that Duxbak belt- 
ing is absolutely unaffected by water. Mr. E. P. Atkinson, representative 
of the Chas. A. Schieren Co., stated that hundreds of thousands of feet of 
this brand of belting are in use throughout the entire world doing service 
in all climates and under all conditions to which driving belts are subjected. 
The M. W. Kellogg Co.'s exhibit showed a section of a chimney built 
with small models of the radial brick which this company uses. Also dif- 
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ferent types of flanges and fittings manufactured by this company and used 
in modern power plant construction. Messrs. Austin and Menton, of the 
company, described the advantages of the products shown in a brief but 
very interesting talk. Above a number of views of chimneys built by this 
company was a sign which caused much amusement. It read, "A steeple is 
not necessarily more pious than a smoke stack." 

The Hayward Co. exhibited models of the types of buckets manufactured 
by this company and had the models operated in coal, sand and other ma- 
terials. Among them was an old battered brass model of a clam shell 
bucket which had been used by the Cranford Co. in building. the foundations 
of the Centre Street subway loop. This bucket was the smallest ever used 
for big work. A tub .filled with stone which had been .removed :from the 
subway foundations was placed below the bucket and the old model, .though 
badly battered up, would pick up sections of stone as readijjy as, ever. The 
use of this model for actual work lead to the development of a small bucket 
for this work. 

Jenkins Bros, showed a number of special valves for f steam heating 
manufactured. by this company under patents obtained by .Mr. Jas. A. Don- 
nelly. Mr. Donnelly took charge of ;this exhibit and described the experi- 
ments and tests which led to the development of this type *o'f -\valve. 

Manning, Maxwell & Moore » exhibited a number < of steam specialties : 
injectors and safety valves, with sections of casing removed ;to show the 
mechanism of the valves; and globe and angle .valves for high pressures. 

On the library floor the Public Service Commission 'had ■& complete lay- 
out of plans and photographs showing the progress of the work on the 
Fourth Avenue subway. 

The exhibit of Buff & Buff consisted of five of the latest types of instru- 
ments made by this company. This exhibit was under the personal charge 
of the New York representative of the company, and was a very handsome 
one, attracting a great deal of well-deserved attention. 

The exhibit of the Brooklyn Edison Co. showed pictures of the interior 
of the main generating station, and; also some views of the apparatus on the 
premises of some. of its largest. customers. A new contract for selling electric 
power, based on the maximum demand, has been recently published, and the 
various methods Of obtaining the customers' maximum demand were illus- 
trated. A light. demand indicator was shown under operating conditions, so 
that the flagging or dash pot effect of the instrument could be observed in 
comparison With an ammeter. Automatic records were also shown taken 
from graphic watt meters, and the method of averaging the maximum for a 
period of fifteen, minutes. 
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john j. Mclaughlin* 



Died January 19, 1911. 



John Joseph McLaughlin was born September 16, 1860, in the village 
-of Jamaica, Long Island. 

Mr. McLaughlin was educated in the public schools in Jamaica, and 
graduated with the degree of B. S. and C. E. from the New York Uni- 
versity, in 1879. 

From the time of his graduation to 1887 he was in charge of the work 
-of R. L. Waters, a city surveyor of Manhattan, who, at that time, was 
making the surveys for all the large parks in the Borough of Bronx. 

In 1887 he opened an engineering office in the 26th ward (New Lots), 
Brooklyn, where he did considerable municipal, as well as private work. 

In the year 1891 he removed his office to Jamaica where he, with sev- 
eral other influential men, organized the agitation of "good roads" — which 
since has become world-wide. 

During the years 1892 and 1893, the town of Jamaica, under his super- 
vision, built about 40 miles of macadam roads; and in October, 1893, he 
was appointed County Engineer of Queens County, which position he held 
until December 31, 1898 — the date of the county and city consolidation. 
During this time the county and town municipalities built, under his super- 
vision, nearly 400 miles of macadam roads in the county, and at the time 
of consolidation, the Queens County system of roads was the finest in this 
country. 

Mr. McLaughlin was the Engineer for the construction of the Grand 
Street and Meeker Avenue bridges over Newtown Creek, between Kings and 
Queens counties. He also was the engineer, for the Jamaica Sewer Commis- 
sion, under whose jurisdiction the sewers were constructed in the village of 
Jamaica. 

The President of the Borough of Queens in 1902 appointed him Consult- 
ing Engineer of the Borough, which position he held until June 30, 1910, 
when he resigned. 

For 30 years he had been a tireless worker at his profession ; and al- 
though a very busy man, he always had time to listen and advise the 
younger members of his profession upon intricate problems which confronted 
them. 

The engineering profession has lost a prominent member and a loyal 
supporter, and his acquaintances a warm friend. 

He was a member of the American Society of Civil Engineers, Brook- 
lyn Engineers' Club, Municipal Engineers of the City of New York, and a 
large number of fraternal, social and political organizations. 

A widow, Adelaide M. McLaughlin, and eight children survive. 



♦Memoir written by Mr. R. R. Crowell. 
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JOHN GEORGE OULD 



Died December 21, 1911. 



John George Ould, who died at his hime in Brooklyn, on December 21 ; 
1911, was one whose personality will not soon be forgotten. While quiet, 
even retiring, by nature, he still seemed to exert an unconscious influence 
which attracted men to him. 

He was born on April 2, 1863, in Falmouth, England, and received his 
early education in English private schools near his home. Later, he spent 
3 years in the Science and Art School at Kensington, completing the course 
in engineering. Having served his apprenticeship in English shops, he be- 
came a marine engineer ; and for 7 years, while acting in this capacity, had 
an opportunity to see many of the port cities in the East. 

Mr. Ould came to New York in 1890, and for some years occupied posi- 
tions as mechanical engineer. During this period he was improving every 
opportunity by study and close application that he might be equipped to do 
both larger and better work. From 1898 until the day of his death, he was 
Superintendent and General Manager of the Polhemus Memorial Clinic 
(Henry and Amity Streets, Brooklyn, N. Y.). Mr. Ould gave such scrupu- 
lous attention to the supervision of this magnificent plant that the most 
casual visitor did not fail to recognize the high standard of efficiency which 
was maintained. 

Mr. Ould was a member of the Brooklyn Oratorio Society, an Associate 
Member of the American Society of Mechanical Engineers, a Corporate 
Member of the Brooklyn Engineers' Club, a Member of Sandolphin Lodge, 
F. & A. M., and was Vice-President of the Institute of Operating Engi- 
neers. 

It would be difficult to find a more enduring memorial to Mr. Ould than 
those young men, who, under the influence and guidance of his strong, yet 
kindly personality, have risen to positions of importance and trust. 
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Advertising literature, giving de- 
tails and cost data regarding the 
product of the advertisers whose 
advertisements appear in this 
volume, is on file in the trade 
section of the library files. Ad- 
ditions to these files will be listed 
semi-annually. 

Any catalogues which members 
desire to use will be placed on 
file on request. 

When writing to firms whose 

catalogues are on file, please 

mention these files, or this pub- 
lication. 
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A. D. GRANGER CO. 

90 WEST STREET, NEW YORK, N. Y. 

POWER PLANT MACHINERY 




Oswego Water Tube and Fire Tube Boilers 

Star Safety Water Tube Boilers 

Lycoming: Automatic Engines, Single and Four Valve 

Bates Heavy Duty Corliss Engines 

Steel Chimneys and Breechings 

Cook son Open Feed Water Heaters, Pumps, etc. 

Contractors for Complete Installations 



Raymond Concrete Pile Company 

ENGINEERS and CONTRACTORS 

Concrete Piles and Sheet Piles — Difficult Foun- 
dations — Permanent Docks, Piers, Wharves, 
Bulkheads, Jetties, Sea Walls, and Waterfront 
Structures in General — Bridges, Viaducts, Re- 
taining Walls and other types of Reinforced 
Concrete Construction. 

We invite you to avail yourself of our experience in placing 
over two and a half million feet of concrete piling in every 
section of the United States, and in designing foundations 
for all classes of structures. There will be no obligation 
involved in doing this. 

Our 168-page book on the subject of concrete piling foun- 
dations and docks, bulkheads, and similar structures will be 
sent you free on request. 



Baltimore 



NEW YORK and CHICAGO 

Pittsburgh St. Louis San Francisco Los Angeles Portland, Ore. 
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There's a 

Hayward Bucket 

designed for every class of work from digging light 
loam to rehandling large boulders and bulk materials 
generally. Where fast and efficient work is demanded, 
contractors and engineers invariably look to Hayward 
Buckets. 

Regular types for various classes of* 
work on immediate delivery or a Bucket 
of special design will be built should un- 
usual conditions be encountered. 

"Over thirty years' experi- 
ence in making Buckets." 

The Hayward Company 



50 Church St 
New York 




Manufacturers of Orange Peel 
Buckets, Clam Shell Buckets, Drag 
Scraper Buckets, Excavators, 
Counterweight Drums, Derrick 
Fixtures, traveling Derricks, 
Coal Handling Machinery, 
Dredges, Etc. 
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Barrett Manufacturing Co. 



Manufacturers of COAL TAR PRODUCTS, 
including ROOFING, PAVING and 
WATERPROOFING PITCH; ROOFING 
FELTS, TWO AND THREE-PLY 
TARRED FELT READY-ROOFINGS, 
also all other grades of Ready Roofings; 
TARVIA for preserving roads and prevent- 
ing dust on Macadam Roads; BUILDING 
AND SHEATHING PAPERS; DEADEN- 
ING FELTS, ETC. 




17 Battery Place «*B5» NEW YORK 



U. S. Wood Blocks 

That U. 8. Wood Block Pavement has proved a complete success for streets 
of heavy travel in New York City is proved by the fact that, after a thorough 
trial on Broadway, it has been extended to the centers of congested traffic at the 
ferries below the Custom House. At these points — Whitehall Street, South 
Street and lower Broadway — the conjunction of a series of ferries keeps the 
streets crowded with vehicles, especially heavy trucks, which thus avoid the long 
grades of the Brooklyn Bridge. 

Granite Blocks, formerly used, rounded off and became uneven so rapidly that 
constant renewal was necessary; the uproar was a detriment to the value of ad- 
jacent property and the rough stones made dirty and difficult walking for the 
streams of pedestrians. 

The adoption of U. S. Wood Blocks has accomplished complete reform of the 
conditions. Ninety per cent, of the noise of traffic has been eliminated by the 
smooth-surfaced, non-resounding wood, and the clean, even, well-drained surfaces 
are satisfactory for people on foot. Above all, this pavement will improve with 
use, growing smoother and harder as the hammering of traffic compresses the 
exposed fiber-ends of the wood. 

Booklet Free on Request 

U. S. Wood Preserving Co. 

165 Broadway, New York 
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has the strength of steel, 
is less corrodible than bronze 
and takes a finish like pure 
nickel. 



For propellers, cylinder lin- 
ings, piston, pump and valve 
rods it cannot be excelled. 
Withstands the action of 
superheated steam. 

Write for booklet 

The Ruggles-Coles Engineering Co* 

General Agents Bayonne Casting Co. 
50 Church Street NEW YORK 
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STEEL IS KING 

JOIST HANGERS 
POST CAPS 
BASES 

Forged from Rolled Steel. 

This Hanger insures the full 
strength of the header and 
joist* 

EASILY APPLIED 



CATALOG AND PRICES ON APPLICATION 

Tbe Van Dora Iron Works Company 

New York Office, 150 Nassau Street 

PHONE 5210 BEEKMAN 




" HARD SERVICE" (PORTABLE) ELECTRICALLY 
OPERATED DRILLS AND REAMERS 

Recognized Superiority in Design, Efficiency, 
Electrical and Mechanical Construction. 

Simplify your drilling and ream- 
ing operations by employing the 
modern up-to-date method of 
transporting machines to the 
work instead of work to the ma- 
chines. You will quickly appre- 
ciate the saving in production 
costs. Types and Sizes for all 
classes of service. 

Type DA-OO. Write for Bulletin No. 22, information and prices. 

PORTABLE TOOL DEPARTMENT 

THE VAN DORN C& DUTTON COMPANY 

CLEVELAND, OHIO 
New York, Baltimore, Pittsburg, Detroit, Chicago, St. Louis, St. Paul, 
San Francisco, Los Angeles, Montreal, Toronto, Windsor, Winnipeg. 
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Hi BARBER ASPHALT 

PAVING COMPANY 

NEW YORK PHILADELPHIA CHICAGO 

AND ALL PRINCIPAL CITIES 



The largest producers 
and manufacturers of 
natural asphalts for 
paving and commer- 
cial purposes in the 
world :::::: 



PAVING ROOFING FLOORS 

WALKS MASTIC 

WATER-PROOFING CEMENT FELTS 
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BITDCOAT SOLUTION BITUCOAT ENAMEL 

If you do not protect your steel or 
iron structures with 

BITUCOAT 



then you are not using the best 
water-proof and anti-corrosive paint 
on the market. 

We ask you to 

SPECIFY IT ONCE 

because we know the result will 
be so satisfactory that you will al- 
ways specify it. 

Before painting that valuable plant 
of yours consult 

THE WILLIAM CAIL BUMO CO. 

K2a«S 18 Broadway, New York City 

E. McDERMOTT HOWE, Manager 

BITUCOAT CEMENT BITUCOAT COVERING 



Digitized by LiOOQ IC 



Circulation 

In Scotch Marine and LOCO 

Boilers 

(Ross Schofield System) 



We guarantee rapid and continuous circulation, arid 
therefore longer life of boiler, less coal, and no pitting, 
corrosion, or priming. 

Working model at our office. 

ROSS SCHOFIELD CO. 

39 Cortlandt Street New York 



Steam Separators and Traps 

Nicholson's Expanding lathe Mandrels 

Wyoming Eliminators and Wyoming 
Steam Traps 

have large discharge valves, and will get rid of heavy 
slugs of water. Send for catalog telling why they are 
without an equal. 

Do you have any use for Mandrels? "Nicholson's 
Nine" take care of every possible size from 1" to 7". 
Write for catalog. 

POTTER SEPARATOR CO. 

39 Cortlandt Street New York 
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The Greatest Achievements in 

ENGINEERING 

PROTECTED AGAINST CORROSION 

By 

" BITUMASTIC " 

SOLUTION ENAMEL CEMENT 

Lock Gates, Panama Canal 

Q. T. S. S. "Mauretania" — "Lusitania" 

R. M. S. "Olympic"— "Titanic" 

Holds the WORLD'S RECORD as a preservative of 
valuable iron and steel structures.. 

Apply for estimates and particulars. 

The American Bitumastic Enamels Co. 

PHILADELPHIA NEW YORK 

322 S. Delaware Ave. 109 Broad Street 
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"GRINDEN ART METAL CO." 



Mi 



ALL-STEEL DOORS 

AND ===== 

INTERIOR FINISH 

FOR BUILDINGS, R. R. STATIONS, 
CARS, VESSELS, ETC. 



TttPHONE, 4334 WIUIAMSBURGH 



Re p resen ted in 

ST. LOUIS, MO. 

.. MA, PA. DALLAS, TEXAS 

CHICAGO. ILL LOS AN&LES. CAL 

SALT LAKE CITY, UTAH 



BOSTON, MASS. 
PHILADELPHIA 



teeral Offices ui Factoiy 
411 ti 425 MAtCY AYERIE 
aN43ti47WALT0NSTIEET 

BROOKLYN, N. Y. 



<<* 




Made in sizes for all kinds of Round Piles 
and Sheet Piling 

Double Action Rapid Stroke Arnott 
Pile Driving Hammer 

Operated by Steam or Air 

UNION IRON WORKS, Hoboke^N. J. 

Write for Catalog EC 



HAVEMEYER 

Reinforcing Bars 

" Evmry Pound Pull* - 



Immediate ship- 
in en ts from 
stocks in New 
York and Pitts- 
burg. 

Quick shipments 
from several 
mills. 

Bending and 
fabricating 
done at our 
Youngstown 
factory. 



CONCRETE STEEt CO. 

Maia Office, 32 Broadway, New Yock 
BOSTON NEW YORK CHICAGO 
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JOHN FOX NICHOLAS ENGEL 

JOHN FOX & CO. 

POSTAL TELEGRAPH BUILDING 

253 BROADWAY, NEW YORK 
General Foundry and Machine Work 

Cast Iron Gas and Water Pipe, 

Flange Pipe and Specials 

Sewer Castings, Fire Hydrants, Valves, 
Valve Boxes and Lamp Posts. 

Supplies of all kinds for Water and Gas Works, Rail- 
road, Contractors, Engineers, Etc, Etc 

TELEPHONE CALL. 1720 CORTLANDT 




A Y* inch Sebco Expansion Bolt will easily hold over 
4 ton ; it may be effectively used for all fastening purposes. 

We are the largest manufacturers of Expansion Bolts 
and fastening devices in the world— you will save time by 
consulting our catalogue and asking our advice. 

STAR EXPANSION BOLT CO. 

147-149 Cedar Street - - New York City 



Digitized by CjOOQIC 



13 



BOOTH BROS. & HURRICANE ISLE 
GRANITE CO. of new york 



PRINCIPAL OFFICE: 206 BROADWAY, NEW YORK 
TELEPHONE. CORTLANDT 3! 10 



Branch Of fives, 
NEW LONDON, CONN. ROCKLAND, ME. 

QUARRIES: 

CONNECTICUT WHITE. Waterford. Coon. WALDOBORO, Lincob Co.. Me. 

LONG COVE. Me. GRANITE ISLAND. Vinal Haven. Me. 

ATLANTIC. St Geotte. Me. PEQUOIT. Vinal Haveo. Me, 

STATE POINT. St. George. Me. JONESBORO RED. Jonaboro. Me. 



FRANK JACOBUS, President 

LOUIS J. SCHUSSLER, Treasurer 

CHARLES A. FOX, General Manager 

Phoenix Sand and 
Gravel Company 

SAND AND GRAVEL 

\*7 STATE STREET 
NEW YORK 



SPECIALTIES 
Washed Screened Sand and Grits for General and Concrete Work 
Washed Graded Gravel for Concrete Work in Sixes from 1-4' to 2* 
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Standard 

Macadam Asphalt Binder 




West Drive, Central Park, New York, Treated with Standard Macadam 
Asphalt Binder "A." 

Standard Macadam Asphalt Binders form a road that is 
waterproof, solid and durable; a road that keeps an even 
surface and remains free from dust. 

Standard Macadam Asphalt Binder "A" 

Between a heavy road oil and a solid binder. Specially 
suitable for roads that have been stripped of the original 
surface and have the top course of stone exposed. 

Standard Macadam Asphalt Binders "B" and "C" 

Practically solid products, to be incorporated with the 
road material, either by the penetration or the mixing 
method. "C" is slightly harder than "B"; for use under 
warmer climatic conditions. ■ *- 

New Illustrated Booklet Free. 

A full description of our various Road Oil Products and directions 
for their use are contained in our illustrated booklet. This will be sent 
free upon request. 

Standard Oil Company of New York 

Road Oil Department 
26 Broadway, New York 
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WALTER V. CRANFORD, President 

CHARLES A. ANGELL. Vice-President 

JOHN C. SHERIDAN, Chief Engineer and Gen'l Mgr. 



CRANFORD 
COMPANY 

Water Supply and Sewerage 
Construction, Asphalt Pave- 
ments, Subways, Heavy 
Masonry, Electrical Conduits 

Executive Offices 
190 MONTAGUE STREET 

Construction and Purchasing Departments 
52 NINTH STREET 

Yards 
GOWANUS CANAL. 9th to 1 1th STREETS 

BROOKLYN, N. Y. 
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ALL contractors for sub-surface 
work will find it to their ad- 
vantage to look into the im- 
proved methods of sheet pile, 
caisson and sectional shield driving 
made possible by the use of hy- 
draulic jacks equipped with the 
Universal type of force pump. This 
type of pump was designed espe- 
cially for this class of work, and 
contains every desirable feature re- 
quired in such pumps. The cisterns 
are made sand and grit tight, tandem 
pumps and tandem valves and the 
simplest packings are used, and the 
whole is arranged with an aim to 
make these pumps the simplest, most 
efficient and durable on the market. 
If you are in need of anything in this 
line do not fail to obtain further par- 
ticulars. 

Hydraulic Jacks of every type 
and for every purpose a specialty 

Richard Dudgeon 

Broome and Columbia Streets 
New York 
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BASED upon the principle that the 
largest amount of service is rendered 
by the highest degree of accuracy, 

BRINGING to you the most thoro and 
definite information, in the clearest and 
promptest manner, 

The Iron Age 

QUOTATIONS and market reports 
are recognized the world over as the 
best, the most reliable and compre- 
hensive that money can buy. 

MEN whose interests are in the iron, 
steel and machinery industries, in both 
the production and consumption of metals, 
in railroads and steel construction, gen- 
erally find THE IRON AGE a guide 
that leads to greater profits and more 
efficient methods. 

COMING to you every week (fifty-two 
numbers)— the cost ($5.00 a year) is 
the best investment you can make. 

The Iron Age 

239 West 39th Street New York City 



Digitized by LiOOQ IC 



18 



Van Nostrand Books 


Dredges and 

Dredging 

By Charles Prelini, C. E. 

Author of "Earth and Rock Excava- 
tion,'* Professor of Engineer- 
ing, at Manhattan College. 
Introduction. Dredging and 
Dredges. Soils and Their Char- 
acteristics. Soundings and Hy- 
draulic Surveys. Excavation of 
Subaqueous Rocks. General Dis- 
cussion. Excavation by Hammering. 
Excavation by Blasting. Compari- 
son of the Two Methods. Excava- 
tion of Subaqueous Rocks by Large 
Blasting. Hints on Selecting 
Dredges for Various Kinds of 
Work. Dredging Crews. Their 
Quarters and Tenders for Dredges. 
Classification and Capacities of 
Dredges. Ladder or Elevator Dredge. 
General Discussion. Sea-Going Lad- 
der Dredges. Semi-Sea-Going Sta- 
tionary and High-Tower Ladder 
Dredges. Hydraulic Dredges. Gen- 
eral Discussion. Sea-Going Hy- 
draulic Dredges. Hydraulic Dredges 
for Channels and River Improve- 
ments. Universal Dredges. Stir- 
ring Dredges. Pneumatic Dredges. 
Dipper Dredges. Grab Dredges. 
Description of Clam-Shell Dredges. 
Transportation of D6bris, Convey- 
ors, Barges, Elevators, Methods and 
Costs di River Dredging. Dredging 
for Metals, Dredging for Industrial 
Purposes. Dry Land Dredging. The 
Cost of Operating Dredges. Cost 
Data. 
298 Pages. 82 Illustration*. Net, $8.00. 


IN PRESS 

Civil Engineer's 

Pocketbook 

By Albert I. Frye 

A comprehensive treatment of 
Civil Engineering, in seventy sec- 
tions. Each main subject receives 
economic consideration and analysis, 
and is reinforced with excerpts 
from, and references to, the most 
important cost and other data in our 
leading technical publications — in- 
cluding hundreds of illustrations of 
up-to-date engineering structures and 
details. "How to design engineer- 
ing structures economically" has re- 
ceived careful study in the prepara- 
tion of this work. The fundamental 
principles laid down can be followed 
readily by every young engineer, 
and carried to practical completion 
in the finished structure. Most of 
the tables are new and have been 
prepared regardless of time and ex- 
pense. Many of them have been 
arranged in a novel manner which 
will appeal especially to engineers: 
and all have been carefully checked 
and and rechecked, to eliminate the 
possibility of errors. Graphical 
methods have been illustrated freely 
throughout the work, and in connec- 
tion with analytical solutions. Meth- 
ods and cost of work have received 
special attention. 
1400 Pa«e». 500 Tables. 1100 Illus. 


Suspension Bridges 

and Cantilevers 

By D. B. Steinman 

Professor of Civil Engineering, Uni- 
versity of Idaho. 

Contents: Design of Suspension 
Bridges, Wire Cable vs. Eye-Bars, 
Economic Rise-Ratio, Depth of Stif- 
fening Truss, Design of Cantilevers. 
Economic Spanratios. Minimum 
Width, Empire Formulae for Weights 
and Costs. Maximum and Economic 
Spans, Span of Equal CoSt, Com- 
parison and Conclusion. 

Van Nostrand's Science Series. 

186 Paces. Boards, 60 cents. 


Structural Design 

By Horace R. Thayer 

Assistant Professor of Structural 
Design, Carnegie Technical 
Schools. 
Volume I — Elements of Structural 
Design. 
Contents. Materials. Commer- 
cial Shapes. Wooden Structures. 
Fabrication of Structural Steel. 
The Engineering Department. 
228 Pages. Illustrated. Net, $2.00. 

In Preparation: 
Volume II — Design of Simple Struc- 
tures. 
Volume III — Design of Advanced 
Structures. 


D. Van Nostrand Company, Publishers 
25 Park Place NEW YORK 
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812 814 GATES AVENUE, BROOKLYN, N. Y. 



"WHEN in the market foi reHable and I strictly first-class 



^nF.E.BRAND.ssdNs &C o^ w h. SURVEYING INSTRUMENTS 

make but ONE QUALITY, and that is THE BfeST. Their motto is, MECHANICAL PERFEC- 
TION. UNAPPROACHABLE ACCURACY. THEY ARE NOT IN THE MARKET with 
FINE. FINER and FINEST QUALITY, but with a just return for your investment. NO COMMER- 
CIAL HARDWARE. Correspondence solicited. 



Their large illustrated Hand-Book and Catalogue mailed to any Gvil Engineer and Sunreyor. 
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Phooe. 3157 Cortland 



Eitabliahed 1883 



DONATO CUOZZO 

General Contractor 

SPECIALTIES: Reinforced Concrete and Water Works Construction 
21 PARK ROW. NEW YORK 



Gustav Schmidt 



TELEPHONE, 3939 SPRING 



Ludwig Schmidt 



G. &, L. SCHMIDT M s£gS# l " 

STEAM, VACUUM, AMMONIA, HYDRAULIC f[AI IfiF Q 
AND WATER-TANK UAUUCO 

Which only a practical experience of over 40 years can produce 

216 Centre St., below Grand St., N. Y. Gauges, Indicating Counters, etc., made and repaired 



ANDREWS ENGINEERING CO. 

CONSTRUCTING ENGINEERS 



WM. ANDREWS, President 

120 Liberty Street 



New York 



GEORGE WEIDERMAN ELECTRIC CO., Inc. 
Electrical Engineers and Contractors 

NEW YORK, 35-37 ROSE STREET— Telephone, 4342 Bmmkman 

BROOKLYN, 191 FLATBUSH AVENUE— Telephone, 4800 Prospect 

Agents for General Eleotrlo jCo.'s Motors 



Keep Down Repair Costs By Welding With "Thermit" 

You can keep them down by applying -f^r^T permit Process of Welding" 
to all broken wrought iron and «teel sections* •' 

The repair can be made quickly and yet ^permanently, making tfce broken 
part as good as new. ' ./. / 

All appliances are light and portable, making it possible to bring them to 
the job. _...-- 

The largest repair shops of the United States, Canada and Mexico, the 
U. S. Navy and the Panama Canal Commission, are keeping down their re- 
pair costs by using "Thermit" for welding. 

It is possible thatf you can also.' . Write tor pamphlet No. 2537. 

GOLDSCHMIW THERMIT CO., WIL k^Js^S z .w G Y e ^ Mgr 

432-436 Folsom St., San Francisco 103 Richmond St., W., Toronto, Ont. 
7300 So. Chicago Ave., Chicago. 
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OUR STADIA TOPOGRAPHY TRANSIT 




(Constructed according to specifications of 
L. S. Smith, Assoc. Prof, of Topographic 
& Geodetic Engineering, University of 
Wisconsin.) 

A superior instrument which 
cannot be equalled for high- 
class Engineering projects. 
Contains specialties of con- 
struction, of 
which three of 
the most prom- 
inent are as 
follows : 

1 — Extra pow- 
erful Tele- 
scope. 

Ad jus tab le doubt? 
Verniers, on the extra 
large vertical Arc 
which is protected by 
aluminum guard. 
3— Three levelling 
screws to plate, 
with new im- 
proved design of 
shifting centre. 

Descriptive circular nailed 
ap«« reqaest. 

As is equally true of all 
our instruments, every de- 
tail of construction Is 
looked after with scrupu- 
lous care, and embody 
special features that are 
exclusive with us, because 
we invent them. We 
would like to take every 
Engineer step by step and 
show him how our Instru- 
ments are made. It will 
demonstrate most clearly 
that we deserve the high 
reputation that is gen- 
erally it edited to us. 



Send for our 
560 page 
catalog of 
Engineering 
Instruments 
and supplies. 



eUGBNR DIETZGEN CO. 

Mfgrs. — Drawing, Surveying, Mathematical Instruments and Material, Measuring Tape 

Mo. 2ia Bsasst 23d Street, N. Y. 
Chicago New Orleans New York Toronto San Francisco 

Pittsburgh Philadelphia Factories: Nuremberg and Chicago. 
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WALTER M. MESEROLE, C. E. 
JOHN MIDDLETON, C. E. 

CIVIL ENGINEERS and CITY SURVEYORS 

251 1-13 ATLANTIC AVENUE 
BROOKLYN 



GEORGE W. FULLER 

Associates M. AM. SOC. C. . M. AM. INST. CONS. E. Water Supply 

_ __ . , Water Purification 

,ame M.^n Ar soc' r c on l. Consulting Hydraulic Engineer w &» WoA - ▼•»- 

1*7^1 RPHAHWAV Sewerage and Drainage 

James R. McClintock iiUrSKiS: . JT mJ Disposal of Sewage and 

Assoc. M. A. S. C. E. NEW YORK, N. Y. Refuse 



:20 BUFF INSTRU/VIENTS 

Sold to City Departments in Greater New York in 1911. 

Over 300 Buff instruments in use in City Departments 
throughout Greater New York. 

Send for Catalogue. 

BUFF <& BUFF MFG. CO. 

SO Church Street New York City 




Telephone, 1335-1536 Cortlan.dt 

KOLESCH £y CO. 

Established 1885 
Importers and Manufacturers of 

Drawing Materials and 
Surveying Instruments 

138 FULTON ST.. NEW YORK 

Blue Prints Black Prints Blue Print Papers 



I t^l^l^'Q INTERLOCKING 
LHHaX O PACKING HOOK 

(Patent applied for.) 

The most effective packing hook on the market. The 
points come together in the packing; cannot pull out. 

PRICE, SET OF 2, $1.00 

Manufactured by 

JOHN LEEK, 331 Jay Street, Brooklyn, N. Y. 
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WM KELLY 
Pr«e. 



D. J. McCOY 

7V«a«. and Mgr. 



BOROUGH 
ASPHALT 
COMPANY 



Metropolitan Avenue 
and Newtown Creek 



Brooklyn, N. Y. 



Rockport Granite Co. 



PRODUCERS OF 



GRANITE FOR ALL PURPOSES 



Rooms 2306-7-8-9 Telephone, 6032 Cortlandt 



21 Park Row New York City 



Main Office, Rockport, Mass. 



F. E. FOSTER, Representative, New York Office. 
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Alsea's is the Safest cement as awlyses prove, and makes the densest concrete. 



Badger's Fire Extinguishers 

Tested and Labeled Under Direction of the 
Underwriters Laboratories 

MANUFACTURED BY 

Badger Fire Extinguisher Co., Boston, Mass. 

New York Office: 123-133 William Street 



GRANITE 

Pavinff blocks of all kindi furnished in any quantity. Rough and Hammered 

Granite. 
18 BROADWAY Telephone Call 2886 Broad " NEW YORK 



For Advertising Rates 

APPLY TO 

BROOKLYN ENGINEERS' CLUB 

117 Remsen Street 

BROOKLYN, N. Y. 
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TROEGERLITH 


FIRE 




I Sanitary 


WATER 




I Durable 


AID 






GERM 




( Econom- 


PROOF 




^H 


Trocgerlith Composi 
par-excellence for Hospit 
Buildings. For Bathroc 
unexcelled. Can be laid i 
Roof Tiles and Shingles. 


tion flooring is recognized as the floor 
als, Schools, Theaters and other Public 
>ms, Lavatories, Kitchens, etc., it is 
> la stic or in tiles. We also manufacture 


WAINSCOTING 


Sanitary 




| BASE 


ROOF , 




TILES \m^t 


SHINGLES 


WRI' 


rE FOR BOOKLET 


BROADWAY iTOGQ 


erlith Tile Co. NEW YORK 
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GEO. M. EDDY & CO. 

Manufacturers of 

Measuring Tapes ^^ 

345-353 Classon Ave., Brooklyn, N.Y. 
Send for Catalogue 



Stcl Tapes of all kindi for Engineering purposes a specialty. 
And Light steel Standard Measures, one-eighth inch wide, 
gtaUuated each five or ten feet, with reel for rough work; 
will not brake; warranted U. S. Standard Measure. 



KINGS COUNTY TRUST COMPANY 

342, 344 & 346 Fulton St., City of New York, Borough of Brooklyn 



Capital, $500,000.00 

Julian D. Fairchild, 
William Harkness 
D. W. McWilliams 
Julian P. Fairchild 



Surplus, $1,500,000.00 
Officer*: 



Undivided Profits, $703,000.00 



President 
Vice-Presidents. 



Thomas Blake, Secretary 
Howard D. Joost, Asst. Sec'y 
J. Norman Carpenter, Trust Officer 
George V. Brower, Counsel 



TRUSTEES:— William J. Watson, Jr., Walter E. Bedell, Geo. V. Brower, 
Edward C. Blum, Roswell Eldridge, Julian D. Fairchild, Julian P. Fairchild, 
Joseph P. Grace, William Harkness, Joseph Huber, H. K. Knapp, Whitman W. 
Kenyon, Joseph Liebmann, D. W. McWilliams, John McNamee, Henry A. Meyer, 
Charles A. O'Donohue, Charles E. Perkins, Dick S. Ramsay, H. B. Scharmann, 
John T. Underwood, W. M. Van Anden, John J. Williams. 




ILG 

Fans and Blowers 

EFFICIENT 

EASY TO INSTALL 

COMPACT 

QUIET RUNNING 

DURABLE 



Ilg Electric Ventilating Co. 



154 WHITING ST. 
CHICAGO 



13 PARK ROW 
NEW YORK 
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Steam Pipe and Boiler Coverings 

85% Magnesia — Asbestos — Air Cell 

ALL KINDS SOLD AND APPLIED. CORRESPONDENCE SOLICITED. 

CONTRACTS EXECUTED PROMPTLY. 

"RAKCO" BRAND 
ASBESTOS, FLAX and RUBBER PACKINGS 

FOR STEAM, AIR AND 
HYDRAULIC SERVICE. 

"RAKCO" BRAND 
ASBESTOS METALLIC GASKETS 

FOR PIPE LINES AND BOILER MANHOLE, 
HANDHOLB AND TUBE PLATES ..... 

Robert A. Keasbey Company 

100 No. Moore Street NEW YORK 

' TELEPHONE 6007-8 FRANKLIN. 



OIL AND TAR BURNERS 

AIR. OR 
DRY STEAM ~ f 11 

rurnaces or all 
types and sizes 
for Heating and 
Heat- treatment 
of Metals. 

OIL OR TAR 
Technical Information relative to all types of Liquid Fuel Equipments 
Satisfactory Results Guaranteed 

W. N. BEST 

Engineer in Caloric 
11 BROADWAY NEW YORK CITY 
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WILLIAM T. DONNELLY 

CONSULTING ENGINEER 

MECHANICAL ENGINEERING 

MARINE ARCHITECTURE FLOATING DRY DOCKS 

MARINE TRANSPORTATION UNIT SYSTEM 

OF ELECTRIC PROPULSION 

POSITIVE DIFFERENTIAL SYSTEM OF STEAM 

CIRCULATION 

STEAM HEATING AND DRYING 

MILL AND FACTORY DESIGN AND ECONOMY 

PROPELLERS FOR MOTOR BOATS 



17 Battery Place New York City 

TELEPHONE 2024 CORTLANDT 




Mr. Engineer 

You know Leaky Blow- Off Valvet 

ARE THE CAUSE FOR 

TONS OF FUEL 

going: under the boiler and 

$ $ $ $ WASTED 
Get in the Class of Live Ones 

AND USE 

Rothchild Rotary Gate-Valves 



PROTECTED SEATS 
NEVER DAMAGED 



IMMUNE TO THE EVILS OF 
DIFFERENTIAL EXPANSION 



TAKE CARE OF THEMSELVES 
THROUGH PRESSURE ALONE 



GUARANTEED TO STAY TIGHT 

Without Adjustment, Replacing of Part; 
or Repair of any kind 



cent^st JOHN SIMMONS CO. 



NEW YORK 

N. Y. 
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Additional safety and economy in 



Track Maintenance 

has been proved by the use of Continuous Weber and Wolhaupter base- 
supported rail joints — after fifteen (15) years' service. 



CONTINUOUS 

INSULATED 

JOINT 




CONTINUOUS 



WEBER 



WOLHAUPTER 



ROLLED FROM BEST QUALITY STEEL 

OVER 50,000 MILES IN USE 

Highest Awards: Paris, 1900; Buffalo, 1901; St. Louis, 1904 



WEBER 

INSULATED 

JOINT 




THE RAIL JOINT CO. 

GENERAL OFFICES, 185 Madison Avenue, JMEW YORK CITY 

Makers off Base-Supported Rail Joints for Standard and Special Rail Sections, 

also Girder, Step or Compromise, Frog and Switch, and Insulated Rail Joints, 

protected by patents. 
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ATLAS 

PORTLAND 

CEMENT 



Makes the Best 
Concrete 



r/& PORTUNO W 

ATLAS 

H. CEMENT -Jl 



None just as 
good. 



Send for free 
books on Con- 
crete Construc- 
tion. 

Copies , on file 
in Brooklyn 
Engineers 9 Club 
Library. 



THE ATLAS PORTLAND CEMENT CO. 
30 Broad Street New York 
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HP HE name Roebling suggests itself at 
*• once when wire rope is mentioned to 
an experienced user. 
This is due to the fact that the first 
wire rope used in America was a Roebling 
rope, that, since this rope was made more 
than 70 years ago, the manufacture of 
Roebiing wire rope has been continued 
without interruption, and that during all 
this time Roebling wire rope has been 
the choice of discriminating buyers for 
every purpose for which wire rope is used. 



John A. Roebling's Sons 

Company of New York 
117-119-121 Liberty Street New York 
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CASTLE BROTHERS 

(Incorporated) 

CEMENTINE 
SIDEWALKS AND 
GARDEN PATHS 



Area*, Stoops and Copings of all kinds. Cellar and Stable Floors, 

Railroad Platforms, etc, Concrete Arches for Floors and 

Vaults constructed to carry any desired weight. 

Office and Yard: Lott, Grant and Johnson Streets 

BROOKLYN, N. Y. 
Telephone 111 Flatbush 



Newman & Carey Company 

CONTRACTING ENGINEERS 

2 1 5 Montague Street Brooklyn, N. Y. 

TELEPHONE. 4859 MAIN 

J. H. Voorhea Mutb N. Payne Wm. S. Wmndel 

HARDY, VOORHEES & CO. 
LUMBER DEALERS 

PLANING AND MOULDING MILLS 

SASHES. BUNDS AND DOORS TURNING AND CABINET WORK 

Metropolitan Avenue and Newtown Creek, Brooklyn, New York City 
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X 




Six Hours of Electric Light for 
One Cent 



While other items that enter into the cost of living have gone up, the 
cost of Edison Light to consumers has gone steadily down, until today 
it is less than one-fourth what it was a decade ago, and under the 

REDUCED RATES IN EFFECT JULY 1st, 1912 

you can burn the new 

15 WATT, 12 C. P., MAZDA (TUNGSTEN) LAMP 
SIX HOURS FOR ONE CENT 

Under all conditions in Brooklyn, Electric Illumination for any pur- 
pose is not only the Best but the Most Economical. 



THINK THIS OX/ER 



If your premises are not wired, we have a new partial pay- 
ments wiring plan which may interest you. 



EDISON ELECTRIC ILLUMINATING 
COMPANY OF BROOKLYN 

360 Pearl Street 
5114 Fifth Avenue 884 Broadway 



TELEPHONE 8000 MAIN 
(Connecting all Branches) 
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